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Abstract
The Mead Site, located in the Tanana River Valley in Interior Alaska, is a deeply buried 
archaeology site with multiple occupations and excellent preservation. The site provides a rare opportunity 
to study the human/climate relationship in prehistory.
Magnetic susceptibility, micromorphology, geochemical and spatial analysis were utilized to (1) 
determine the amount o f post-depositional disturbance at the site, (2) see if  there are detectable buried 
surfaces that indicate cultural occupation in the upper stratigraphic layers and, (3) investigate the paleosols 
at the site and determine if  the occupations at the site correlate with ameliorating climate.
The results show that the upper three cultural zones are heavily disturbed by taphonomic processes 
to the point that assignment o f  the remains to cultural zones is suspect. The lower two components have 
also been affected by post-depositional disturbance, but the patterning o f cultural remains in these zones is 
primarily a reflection o f the original depositional context. No buried surfaces were detected in the upper 
stratigraphic layers, and the paleosols are natural in origin but are anthropogenically enhanced. The cultural 
zones at the site are more closely associated with cool episodes than with periods o f  ameliorating climate.
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11 Introduction
One common investigation at any archaeological site is the examination o f the spatial patterning o f  
features and artifacts. From these patterns general activity areas of an occupation can be designated, and 
hypotheses about human behavior from these spatial patterns drawn (Schiffer 1972). Intra-site spatial 
patterns are used in archaeological studies to designate activity areas at sites and are the basis for higher 
level theory regarding human behavior and site function (Schiffer 1972). It is necessary when conducting 
this type o f analysis to question if  the spatial patterning observed by the archaeologist is actually the result 
o f the people who once were at the site, or o f post-depositional non-cultural factors. It is possible that the 
spatial patterning many archaeologists attribute to cultural processes are actually the result o f  taphonomic 
and non-cultural site formation processes. Taphonomic processes such as rodent burrowing and freeze-thaw 
cycles can shift the location o f artifacts after burial as well as distort the stratigraphy and natural features at 
a site, it is important to separate the taphonomic post-depositional effects from the cultural processes that 
formed a site.
As Schiffer notes (1983:680), “even when multiple lines o f evidence are brought into the analysis, 
the genesis o f complex deposits formed by many processes may, in our current state o f  knowledge remain 
uncertain”. The work presented here examines these ‘multiple lines o f  evidence’ through the use o f  
micromorphology, in conjunction with environmental magnetism and geochemical analysis.
This project is a geoarchaeological analysis o f  the Mead archaeological site (XBD-071), located in 
Interior Alaska (Figure 1.1). The Mead Site is one o f  three multi-component sites with Late Pleistocene 
occupations in the Shaw Creek Flats area dating to around 14,000 cal yrs BP (Dilley 1998; Holmes 2001). 
The other two sites o f  importance in the Shaw Creek Flats area are Broken Mammoth and Swan Point 
(Figure 1.1) (Holmes 1996; Holmes 2001; Holmes, et al. 1996; Yesner, et al. 1992).
Swan Point has the earliest generally accepted component o f any site in eastern Beringia (Bever 
2001; Hamilton and Goebel 1999; Holmes 2008; Holmes, et al. 1996; Potter, et al. 2010; Yesner and 
Pearson 2002), and Broken Mammoth’s faunal assemblage from the lower components has provided 
insight into the wide diversity o f taxa used by humans at the end o f the Pleistocene (Yesner 2001). The 
Mead Site, located between Swan Point and Broken Mammoth has long been noted as being an important 
site for Alaskan archaeology (see Holmes 2001; Holmes and Yesner 1992; Yesner, et al. 1992), but until 
recently little work has been conducted at the site.
Dilley (1998) presented a study o f the geoarchaeology and a general climate history o f the Tanana 
River Basin, but did not investigate the site formation processes at the Mead Site or the relation o f the 
artifacts and faunal remains to their surrounding contexts. Further investigation o f the site will contribute 
greatly to theories o f  timing and duration o f the Peopling o f the New World.
2Figure 1.1 Study Area (top map from Potter 2008b, his Fig. 1)
In addition to examining the spatial patterns at the Mead Site, this study also examines the 
relationship between climate and occupation Questions o f paleo-climate/human interactions on the 
occupational landscape o f Alaska have intrigued archaeologists for years. Many o f the theories o f the 
populating o f the new world are directly based on an inferred link between climate, geography, and
3migration. For example, Yesner (2001:317) hypothesized that the ameliorating climate at the end o f the last 
glacial period was part o f the reason that Eastern Beringia was colonized as the warming climate and 
change in vegetation created an attractive environment that “pulled” humans into the new world, Hoffecker 
et al. (1993) wrote that the colonization o f Eastern Beringia most likely resulted from changes in 
environmental variables, specifically the spread o f trees. They hypothesize that these trees provided a 
robust fuel source for the migrating populations which had not been available before. This concept o f  
“climate determinalism” is a common theme in Alaskan archaeology and multiple reviews have been 
written regarding the broad scale correlations between complexes, regions, and climate (see Bever 2001; 
Bigelow and Powers 2001; Hoffecker and Elias 2007; Mason and Bigelow 2008; Mason, et al. 2001; Potter 
2008c). Climate determinalism is examined here on the smaller, site specific scale, and this study applies a 
different data set that than commonly used by archaeologists to tackle this question. It contributes to 
growing body o f  information used to investigate landscape use, climate, and occupation.
1.1 Research Obj ectives:
The purpose o f  this study is twofold. First, it is an investigation o f the intrasite patterning o f  
artifacts in relation to their context at the Mead Site. Secondly, it is an investigation o f possible correlations 
between occupations at the Mead Site with past climate change through analysis o f  the sediments and soils 
at the site. This approach provides detailed information about the depositional, contextual, and taphonomic 
relationships between the artifacts, faunal remains and sediments, which is used to understand the spatial 
patterning o f the site.
The study o f occupations and climate change at the Mead Site will ultimately provide greater 
understanding o f paleo-climate/human interactions on the occupational landscape o f interior Alaska. This 
study has been carried out through an investigation o f the buried occupational surfaces at the Mead Site. 
These buried surfaces may indicate discrete intervals when the site would have been available for 
occupation, and which may correlate with times o f environmental stability in the area. This relationship 
between environmental stability and occupation has been examined before on a coarse scale through 
regional syntheses and reviews (see Dilley 1998; Hoffecker and Elias 2007; Mason, et al. 2001); the data 
presented here is o f a much finer scale than these regional reviews and provides new insight regarding this 
relationship.
Analysis o f the sediments and soils for occupational surfaces were conducted through, 
micromorphology, magnetic susceptibility and geochemical data, in conjunction with the spatial analysis o f  
cultural remains from all components. Based on the age, excellent faunal preservation, and regional 
location o f this site, a continued geoarchaeological investigation o f the site is warranted.
Research Questions:
Do the cultural components at the Mead Site correspond to periods o f ameliorating climate in 
Interior Alaska? For the purposes o f  this study, ameliorating climate is defined as warmer 
conditions. The null hypothesis is that the components at the site do not correspond to periods o f  
ameliorating climate; the alternative hypothesis is that they do correspond to periods of 
ameliorating climate. If the null hypothesis cannot be rejected what does this correlation imply for 
site use and occupation as well as theories o f human paleodynamics in the region?
Are the paleosols at the Mead Site the result o f  natural or cultural processes? The null hypothesis 
is that the paleosols formed through natural processes; the alternative hypothesis is that the 
paleosols formed through, or were enhanced by, cultural processes. If the paleosols are indicative 
o f human occupation what are the implications o f this correlation?
Are there detectible buried occupational surfaces in the Upper Loess stratigraphic section o f the 
Mead Site? The null hypothesis is that there are no detectible buried occupational surfaces in the 
Upper Loess; the alternative hypothesis is that there are detectible buried occupational surfaces in 
the Upper Loess. If the null hypothesis can be rejected, do these surfaces correspond with times o f  
environmental stability in the region and how can this research inform future studies at 
geologically similar sites?
To what extent does the intrasite patterning o f cultural remains at the Mead Site appear to be the 
result o f post-depositional disturbances and taphonomic processes? Once the degree o f taphonomy 
and post-depositional disturbance has been determined, are there activity areas evident at the site, 
and if so what are the implications for site use? The null hypothesis is that the cultural remains are 
still in their primary context and that taphonomic processes have not substantially altered the site 
assemblage, while the alternative hypothesis is that the cultural remains are in secondary context 
and taphonomic processes have significantly altered the site assemblages. How can this inform 
future studies o f  patterning at other sites?
52 Background
2.1 Study Area
The Mead Site is located on the west edge o f the Shaw Creek Flats in the greater middle Tanana 
River Basin in Interior Alaska. This basin (Figure 2.1) encompasses three physiographic regions; the 
Tanana Lowlands, the Yukon-Tanana Uplands, and the eastern section o f the Alaska Range (Wahrhaftig 
1965).
Figure 2.1 Tanana River Basin
The Tanana Lowlands are characterized by the presence o f the Tanana River and its large 
floodplain which is covered in alluvium. This region is bounded to the south by the Alaska Range and to 
the north by the Yukon-Tanana Uplands. From Healy Lake in the east to Birch Lake in the west, the 
Tanana River drops 120 meters (m) in elevation from 365 m to 245 m (Dilley 1998: 32; Wahrhaftig 1965).
6Tributaries to the Tanana River are the Gerstle River, the Delta River, Healy Lake, and Shaw 
Creek (Dilley 1998). The Tanana River Basin is a low lying area, and much o f it is characterized by 
muskeg bog, black spruce, discontinuous permafrost, and accompanying thaw lakes (Ferrians 1965).
The Yukon-Tanana Uplands are characterized by Precambrian gneiss and schist rocks that are 
expressed as low, rounded ridgelines and mountains. These rise from 210m near the Tanana River to 
heights o f 1250m north o f the Shaw Creek Flats (Pewe 1965). Sedimentary deposits in the Uplands are 
characterized by thick accumulations o f  aeolian sediments in the valley regions (Pewe 1965).
The Alaska Range is one o f the major ranges in Alaska and is characterized by mountains that 
contain the highest peaks in North America and valley glaciers that flow out o f  the mountains. The 
mountains are the source of many o f the braided glacial streams that merge with the Tanana River.
The Tanana River headwaters are located near the Canadian border, and the river flows for 380 
km before merging with the Yukon River (Pewe and Reger 1983). The River basin is filled with 
glaciofluvial sediments that are 250 m thick in places (Beget and Keskinen 2003; Pewe and Reger 1983). 
These overlay a somewhat craggy base, o f  which the exposed hilltops are seen today as small rounded 
knolls in the basin (Pewe and Reger 1983). The river is braided with channels that change yearly and which 
meanders back and forth across its wide floodplain.
Below the headwaters the river flows through Pleistocene age sand dunes and has a fine grain load 
and a low gradient (Femald 1965). Continuing downstream to the middle Tanana valley area, the river load 
becomes coarser due to the addition of the glacial sediments from the outwash streams emerging from the 
Alaskan Range (Anderson 1970). The gradient also increases here and the river becomes more braided 
(Anderson 1970). At the confluence with the Delta River (upriver o f the Mead Site) the load becomes 
coarser and the river more braided. Near Fairbanks, the river gradient decreases, as does the grain size o f  
the load (Anderson 1970). This trend continues up to the confluence with the Yukon River. Close to its 
confluence with the Yukon River, the Tanana River meanders widely and is generally less braided (Femald 
1965). Many o f the lakes (Healy, Quartz, Birch) in the Tanana River Basin formed in part during the Delta 
Glaciation (the penultimate glaciation) when the river aggraded and the streams flowing out o f  the Yukon- 
Tanana Uplands were dammed (Pewe 1965).
2.2 History o f Research
The Mead Site (XBD-071) is a deeply buried multicomponent site located near the confluence of 
Shaw creek and the Tanana River (Figure 1.1). There are several such sites in the Tanana River Valley, the 
others being the Swan Point (XBD-156), Upward Sun River (XBD-298), and the Broken Mammoth (XBD- 
121) sites (Holmes 1996; Holmes, et al. 1996; Potter, et al. 2011). The Mead Site was most recently 
excavated during the summer 2009 field season when two large block excavations were opened on the east 
and West Lobes o f  the site by the University o f  Alaska Fairbanks field school (Figure 2.2 and Figure 2.3).
7The site was first described geologically in guide books to interior Alaska (Pewe 1965; Pewe and Reger 
1983).
The site was discovered archaeologically in the early 1970’s and small block excavations were 
carried out by Holmes in 1990 and 1992 (Figure 2.2). Because o f the limited extent o f this excavation, as 
well as the differences in collection strategy and research questions addressed, no spatial analysis will be 
conducted on the cultural remains from this earlier excavation. The site has an excellent viewshed to the 
south o f the Shaw Creek Flats. The site itself (Figure 2.4) is located on a south/southeast facing bluff edge 
of a rock quarry that was used during the 1950’s and 1960’s (Dilley 1998).
Testing for the site boundaries has not yet revealed the limits o f the Mead Site. Positive test pits 
continue upslope (north) o f the 2009 field school location for roughly 300 meters. Additional tests to both 
the east and west o f the 2009 field school location (still located on the main land feature) were also 
continuously positive. This hints at a wide occupation area at the Mead Site and indicates the vast potential 
for future field work at the site.
Figure 2.2 Overview o f site and all excavations
Figure 2 3 Overview o f area excavated during the 2009 Field School
Figure 2 4 View o f the Site looking north from the Excavated Quarry
9The stratigraphy o f the Mead Site was first recorded by Pewe in 1965. Pewe set out a sequence 
based on the different glacial events in the area. He interpreted that the loess at the site resulted from the 
Donnelly glaciation (25,000 to 9,500 cal yr BP), and the sand resulted from the Delta Glaciation (75,000 
cal yr BP to 26,000 cal yr BP) (1965). Pewe also described a mammoth tusk eroding out o f  the bluff face.
In subsequent archaeological investigation o f the site, this tusk fragment was found to be in association 
with the lowest cultural zone (CZ 4).
The stratigraphy o f the Mead Site begins on weathered gneissic bedrock with occasional quartz 
intrusions. Ventifacts have been found at the contact o f this bedrock and the overlying layers. Above the 
bedrock in some places is a colluvial layer o f  angular pebbles and boulders. This is overlain by aeolian 
sediment, which can be 4 meters deep in areas. Dilley divides the stratigraphy into 4 units (Figure 2.5). He 
divides the aeolian deposits into a Lower Sand (Unit 2), which overlies the weathered bedrock (Unit 1).
Unit 3 is composed o f loess and three paleosol complexes, which were dated to 7620 ± 100 14C yrs BP, 
10,400 ±170 14C yrs BP, and 11,500 ± 9 0  14C yrs BP (Dilley 1998). Above Unit 3 is Unit 4 loess, which is 
characterized by micaceous sandy silt with massive bedding and sporadic sand lenses (Dilley 1998). The 
upper region o f Unit 4 is composed o f a modem Sub-Arctic Brown forest soil. These designations are those 
used by Dilley and are elaborated upon in this project as the designations o f  Units 3 and 4 are too coarse 
grained for a closer spatial and geoarchaeological investigation. Detailed stratigraphic descriptions are 
found in Chapter 3.
Preliminary results o f the most recent excavation indicate over 3,000 artifacts and close to 5,000 
faunal remains (the majority o f  which are fragmentary) were recovered. From CZla 6 flakes and 33 bone 
fragments were collected. From CZ lb two feature areas were identified and 1,985 flakes, 3 end scrapers, 1 
biface fragment, 1 burin spall, 3 modified flakes, 2 end scrapers, and 19 microblades were recovered along 
with 4,418 bone fragments. From CZ 2 432 flakes, 2 microblades and 12 bone fragments were recovered, 
the majority o f  which may be from a possible feature. From CZ 3, 238 flakes, 2 modified flakes, 1 
microblade, 343 bone fragments, and several fragments o f  ivory were collected and two hearths were 
identified. From the oldest component, CZ 4, 323 flakes, 1 modified flake, and 50 bone fragments were 
recovered and one possible activity area was identified. These findings will be elaborated on in Chapter 4.
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2.3 Cultural Chronology
The cultural chronology o f prehistory in the Tanana River Basin is based largely on the techno­
complexes from a handful o f  sites in interior Alaska. Below are definitions o f  “tradition” and “complex”, a 
brief summation o f interior Alaska’s chronology, and the synthesis by Holmes (2008) which is used her to 
tie the chronology together.
A tradition is “a (primarily) temporal continuity represented by persistent configurations in 
technologies or other systems o f related forms” (Willey and Phillips 1958:37), whereas a “complex” is 
more similar to the shorter derived “phase” (Willey and Phillips 1958:22). The cultural continuity o f  
traditions can exist through long time spans and over large geographic regions. Dixon (1985:48) 
distinguishes “traditions” from “complexes” by the differences in duration and geographic reach o f  
complexes. In general, complexes have similar technological continuity, but have more constrained 
regional and chronological bounds (Dixon 1985).
To be able to see transition from one tradition to the next there must be some change in the 
cultural continuity that is observed. Dumond notes this by saying that the bounds o f  a tradition can be seen 
in “a pervasive, systematic change in material culture, and secondly by a change in economic indicators” 
(1982:39). It is hard to note changes in economic indicators at the majority o f sites in the region, due to the 
poor faunal preservation; however, due to the recent efforts o f a few investigators in the area (Potter 2000; 
Potter 2005; Potter 2008a; Potter 2008b; Potter 2008c; Potter, et al. 2007), an understanding o f economic 
indicators is being developed. Most o f  this research is based on the Gerstle River site and hopefully as more 
sites with robust faunal assemblages are investigated similar sets o f research questions will be applied to 
them, allowing for correlation o f economic indicators in the study region. Until such a time, we must 
depend upon material culture to guide us from one tradition to the next.
2.3.1 Swan Point/Dyuktai
The Swan Point Dyuktai Phase is characterized by the remains found at Swan Point, including 
burins, bifacial tools, scrapers, retouched flakes, ivory implements, and most importantly, blade and 
microblade technology (Holmes 2001). This phase encompasses the oldest dated sites in the Tanana River 
valley (Swan Point, Broken Mammoth and Mead), although only Swan Point contains microblades. The 
microblade technology at Swan Point is similar to that o f the Dyuktai tradition o f  Siberia, which has been 
interpreted as evidence for an early continuum relationship (Holmes 2001).
2.3.2 Nenana Complex
As originally defined, the Chindadn/ Nenana Complex is the oldest complex in interior Alaska. 
Cook defined the Chindadn complex in 1969 based on his excavations at the Healy Village Site in interior 
Alaska (Cook 1969). The materials o f the Chindadn complex are similar to both those o f the Denali
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Complex and the American Paleoarctic tradition, except for the occurrence o f small triangular bifacial 
points, or Chindadn points, which are absent in the assemblages o f the later Denali complex and American 
Paleoarctic tradition (Cook 1969).
The Nenana Complex was defined by Powers and Hoffecker in 1989, mainly based on Component 
2 at the Dry Creek site. This complex is also defined as a blade and core complex with bifacial technology 
and an absence o f microblade technology (Powers and Hoffecker 1989). Present at many Nenana Complex 
sites are the triangular “Chindadn” points that Cook used to define the Chindadn complex; but emphasis on 
defining the Nenana Complex is placed on the blade and core technology, and the lack o f microblade 
technology (Powers and Hoffecker 1989:278). This complex dates to approximately 11,800-11,000 yrs BP 
and is also typified by lithic assemblages o f the oldest components at Walker Road, Moose Creek, and Owl 
Ridge (Goebel, et al. 1991; Pearson 1999; Phippen 1988; Powers and Hoffecker 1989). Dates from Dry 
Creek Component 2 placed the Nenana Complex as older than the Denali Complex. Because o f  this, for the 
last several decades it was assumed that the earliest settlers o f  the area lacked microblade technology. The 
association o f Chindadn points with microblade technology at the Healy Lake Site has been questioned by 
some (Hoffecker, et al. 1993), as this is in opposition to a microblade-free Nenana tradition.
2.3.3 Denali Complex
West proposed the Denali Complex in 1967 as an early core and blade complex that also contains 
bifaces and burins. The Denali Complex dates to approximately 10,600- 7,000 yrs B.P. (Hoffecker 2001) 
and has been described as a complex rather than a tradition (West 1967). This designation o f a complex, 
rather than a tradition, is interesting in light o f  the definition above, as Denali (as originally defined) has 
continuity o f material over a large region and time span.
The artifacts attributed to this complex are bifacial knives, microblade technology, endscrapers, 
lanceolate projectile points, and burins (Mobley 1996; West 1967). The complex was defined by West 
(1967; 1975) based on the assemblages found at Donnelly Ridge (the type site), The Campus Site, several 
Tangle Lakes sites, Dry Creek Component 2, several sites at Ft. Wainwright (Blair Lakes) and a few sites 
located in the Susitna River Canyon region. The Tangle Lakes sites are surface sites that were dated purely 
on their lithic assemblage.
2.3.4 Northern Archaic Tradition
When first formally proposed by Charles Scheweger and then Douglas Anderson in 1968 (Esdale 
2008:10), the Northern Archaic tradition explained the existence o f a number o f sites that did not fit into 
the current cultural complexes o f  northwestern Alaska (Anderson 2008). The artifact assemblage typified 
by the Northern Archaic levels at Onion Portage were seen by the archaeologists o f the time( Anderson 
1988; Dumond, et al. 1976; MacNeish 1964) to be very different from those o f  the northwest Alaskan
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coast, but similar to those o f Interior Alaska, the Yukon, and even further south (Anderson 1988:87). 
Workman (1978) was a proponent o f  population replacement and proposed a route for the Northern 
Archaic groups that started in the south, wound its way north through the Yukon Territory, into the Brooks 
Range, then to the area o f Onion Portage, and then south, into the Interior (Esdale 2008:11). Morrison 
(1987) explained the Northern Archaic Tradition as resulting from diffusion o f notched projectile points 
from south to north (Esdale 2008:11).
The tradition was defined mainly by its techno-complex (Anderson 1988), composed o f large 
choppers, notched pebbles, crescent-shaped bifaces, stemmed projectile points, and most importantly, 
notched projectile points (Esdale 2008). Anderson saw a closer similarity between these artifacts and the 
Eastern Woodland Archaic assemblages o f the contiguous United States than those o f the Paleoarctic 
assemblage found at Onion Portage (Esdale 2008).
When originally proposed, the Northern Archaic was linked to the spreading o f the boreal forest, 
however, as early as 1988 Anderson was questioning the association (88). Today, depending upon the 
variables and proxies utilized, different answers to this question can be produced. Esdale’s synthesis shows 
a strong preference for the mountain regions, while Mason and Bigelow describe a “push-pull” type 
relationship, as .the emergence o f the Northern Archaic correlates with a retreat o f  tree line, and the 
emergence o f peat land and forest in the interior (2008).
2.3.5 Athapaskan Period
At around 1,500-1,000 yrs B.P. the Athapaskan period began in interior Alaska (Griffin and 
Chesmore 1988:64). It is also typified by the emergence o f copper in the archaeological record and a 
decreased reliance on lithic tools (Dixon 1985; Franklin, et al. 1981). This tradition is defined in part by 
ethnographic evidence o f cultural continuity for the last thousand years. Some archaeologists have argued 
that this tradition grew from cultures already inhabiting the region (i.e. Cook 1975) while others saw it as 
the result o f a new population migrating to the area (i.e. Aigner, et al. 1986). Cook saw this tradition as 
reaching as far back as 11,000 B.P., based on the upper levels found at the Healy Lake Village and Garden 
sites (1969). This conclusion appears a bit spurious, especially in light o f the taphonomic problems at these 
sites. Where the Athapaskan population came from, as well as when they came into the area is little 
understood, and there are multiple hypotheses regarding this research question (Aigner, et al. 1986; Cook 
1975; Holmes 1986).
An element that might help with future determinations o f this question is the White River Ash, 
which occurs sporadically in the area, and which has been dated to 1,400 BP (Workman 1974). Workman 
has hypothesized that the effect o f this eruption had a catastrophic affect on the landscape, resulting in 
flooding, erosion, and a large reduction in the amount o f  vegetation (1974:240). Such a catastrophic event 
may have caused a mass migration o f the population out o f the fallout zone and into unaffected areas.
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These areas were quite probably already inhabited, and this migration may have induced a, “widespread 
accelerated cultural change indicative o f  intensified contacts datable roughly into the First Millennium 
A.D.” (Workman 1974:255).
2.3.6 Synthesis
The synthesis that is applied in this research is one that combines both cultural and environmental 
criteria and was first published in Holmes (1995). In this synthesis, Holmes sets out environmentally and 
ecologically defined Periods that are used to divide prehistory into neutral units o f  which serve as the 
backdrop for the cultural traditions.
In this synthesis Holmes places the Swan Point Dyuktai tradition as the first Phase o f  the East 
Beringian tradition (from 15,500-13,500 cal BP), which corresponds to the Beringian Period. The 
Beringian period is encompasses the time from before forests were established in Alaska, and the Bering 
Land Bridge was still in existence.
Phase II o f  the East Beringian tradition is composed o f the Chindadn/ Nenana traditions from 
13,500-11,500 cal BP, and corresponds with the Transitional Period. The transitional period begins with the 
start o f  the Younger Dryas cooling event and is defined by changes in climate and by megafauna’ 
extinctions (Holmes 2008).
The remainder o f the Holocene up till the Historic Period is categorized as the Taiga Period, which 
is further divided into the Early, Middle, and Late Taiga Period. The Taiga Period is defined by a landscape 
dominated by birch-spruce woodland. The Early Taiga period is from 9,500-6,000 cal yr BP, the Middle 
Taiga Period is from 6,000 to 3,000 cal yr BP, and the Late Taiga Period is from 3,000 to 500 cal yr BP 
(Holmes 2008). The Denali tradition from 11,500-8,500 cal BP spans from the Transitional Period into the 
Early Taiga Period. The Denali tradition is followed by what Holmes describes as a “Transitional Northern 
Archaic” period form 8,500-6000 cal BP (2008), which corresponds with the Early Taiga Period. This is 
followed by the Northern Archaic tradition, which Holmes brackets from 6,000 cal BP to just before 2,000 
cal BP (corresponding to the Middle and Late Taiga Periods), and which is followed by the Athapaskan 
tradition (Late Taiga Period), which spans the remainder o f the Holocene up to contact (Holmes 2008).
2.4 Glacial History
The Wisconsin glaciation was the final glaciation in this region. The terminal deglaciation took 
place from 14,000 to 9,500 cal yr BP (all radiocarbon dates were calibrated using the intercalc04 curve in 
CalPal Software) (Pewe and Reger 1983). In the Delta Junction area the Wisconsin Glaciation is divided 
into the Donnelly and the Delta Glaciations. The Delta Glaciation is the older o f  the two, beginning around
75,000 cal yr BP and ending around 26,000 cal yr BP (Beget and Keskinen 2003). The Donnelly glaciation 
is the most recent glaciation and took place from 25,000 to around 9,500 cal yr BP (Leehan 1981; Pewe and
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Reger 1983). During the Donnelly Glaciation, the thickness o f the ice in the Donnelly Dome area 
(approximately 40 miles south o f the Mead Site) has been estimated to have been 975 m thick. Donnelly 
Dome would still have been partially exposed at this time (Leehan 1981; Pewe and Holmes 1964). Recent 
work has shown that the Donnelly moraine stabilized around 17000 cal yr BP, which is contemporaneous 
with the stabilization o f other Alaska Range moraines and helps to synchronize the Donnelly Glaciation 
with other Alaska Range terminal glaciations (Matmon, et al. 2010).
The Riley Creek Glaciation, which took place between the Nenana Valley and the region north o f  
the Alaska Range, has four well documented advances which may correspond with those o f  the Donnelly 
Glaciation. The first advancement, Riley Creek 1, took place from 25,000 to 20,000 cal yr BP. The next 
advancement, Riley Creek II, was from 18,700 to 15,800 cal yr BP. The third advancement was Riley 
Creek III from 15,200 to 13,500 cal yr BP. The final advancement was the Riley Creek IV, from 12,700 to
10,500 cal yr BP. This final advance is believed to have been marked by cooler and wetter climate 
(TenBrink and Waythomas 1985). There was an additional small advance o f the Riley Creek glacier from
7,000 to 6,500 cal yr BP (Calkins 1988). Similar small glacial advances in the eastern Alaska Range have 
been dated at 5,600, 4,600, 4000, 1400, 800, and 300 cal yr BP (Beget 1994; Reger and Pewe 1969; Reger, 
et al. 1993). The Shaw Creek Flats, as well as much o f the Yukon-Tanana Uplands, was not glaciated 
during the Donnelly Glaciation and so may have served as refugia for certain biotas during this time 
(Guthrie 1990).
2.5 Climate and Paleoecology
The modem regional climate is subarctic continental, with long winters and short summers 
(Streten 1969). Weather patterns are influenced by the Aleutian Low o f the Gulf o f  Alaska and the weather 
systems o f the North Pacific Ocean (Streten 1969). The Alaska Range blocks a large percentage o f  the 
warm, moist oceanic air masses from reaching this region, and so it is generally dry with an average 
modem annual precipitation o f 12.94 inches, the majority o f  which falls as rain during the warmer months 
(National Climate Data Center, 2011). Mean temperature in the winter is -17 °C (National Climate Data 
Center, 2011) and at the winter solstice the area only receives 4 hours o f  light (Streten 1969). Today the 
area is infamous for the strong winds that move through the low valley regions, especially during the winter 
months. These winds are responsible for transporting the aeolian sediments observed at the Mead Site, as 
well as the erosion seen in the area. It is common for temperature inversions to form over the river during 
the winter months, which in turn result in pocketed areas that will sometimes have over a 12°C temperature 
difference with only slight changes in topographical relief (Dilley 1998; Wendler, et al. 1980).
Vegetation o f the region falls under the larger umbrella o f the boreal forest/taiga. This region also 
contains patches o f  relic steppe tundra vegetation which is found on the well drained south facing bluffs 
near the Tanana River, (Young 1982; Zazula, et al. 2005) such as where the Broken Mammoth
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archaeological site is located. Young (1982) believes that these present day patches can be used as an 
analog for a more widespread vibrant form o f this vegetation that was most likely present during the late 
glacial Period throughout Beringia. This conclusion has been called into question by others, however, as 
pollen data from the area indicates a different, less diverse paleo plant biome than that seen in these “relic” 
plant communities (see Ritchie and Cwynar 1982).
Major paleoclimatic events that may correspond to human occupation at the Mead Site which will 
be discussed below are the Bolling/Allerod, the Younger Dryas, the Holocene Thermal Maximum and the 
8.2k event (Beget 2001; Bigelow and Powers 2001: 189; Kaufman, et al. 2004).
2.5.1 Bolling/Allerod
The Bolling/Allerod warming event began around 16,000 cal years BP (Viau, et al. 2008) and is 
marked by a warmer and wetter than previous climate. This warming event has been correlated with a rise 
in lake levels and a shift in vegetation from tundra to dwarf birch and willow (Bigelow and Edwards 2001; 
Mann, et al. 2001). It is during this time o f warming and changing vegetation that the extinctions o f  
megafauna begins to take place (Halle, et al. 2009; Hopkins 1982) and that the presence o f humans is first 
evidenced in interior Alaska at Swan Point (Holmes 2001). Hopkins (1982) termed this period the Birch 
Zone because o f  palynologist Livingstone’s (1955) work which documented the increase in birch (Betula) 
pollen observed in cores.
There is general consensus among researchers that this time was definitely warmer and wetter than 
the preceding glacial period (Anderson and Brubaker 1993; Barber and Finney 2000; Bartlein, et al. 1991; 
Bartlein, et al. 1995; Edwards and Barker 1994; Edwards, et al. 2001; Hu, et al. 1996). Abbott et al. (2000), 
through the use o f lake-level reconstruction at Birch Lake and radiocarbon dates obtained from pollen and 
macrofossils found that prior to 12,700 14C yrs BP (14990 +/-100 cal yr BP) the lake was either seasonally 
dry or dry year round, indicating aridity in the region. After this period Birch Lake was affected by 
increased effective moisture and rapid lake level rise that was interrupted by a period o f increased aridity 
(from 11,600 to 10,600 14C years BP (13,460 tol2,610 cal yr BP) which was most likely due to the 
Younger Dryas) (Abbott, et al. 2000).
Viau et al. (2008:1442), through the use o f  pollen diagrams and the modem analogue technique 
(MAT) reconstructed temperature and precipitation during this time period and found that precipitation 
increased during the Bolling/Allerod to a maximum at around 11,000 cal yrs BP, and then rapidly 
decreased until 8,000 cal yrs BP.
2.5.2 Younger Dryas
The Younger Dryas (YD) was a cold period that took place roughly 12,900 to 11,700 cal yr BP 
(Broecker, et al. 2010). As evidenced by the lsO ratios from the Greenland ice cores, this event began with
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gradual cooling and terminated with a century o f dramatically colder temperatures (Steffensen, et al. 2008), 
although the regional expression o f the YD varies (Kokorowski, et al. 2008). While multiple theories over 
the catalyst for this cold period have been put forward (ranging from bolide impacts to the draining o f  
proglacial Lake Agassiz) the most well supported theory at this time is that the Younger Dryas is a 
Dansgaard-Oeschger (DO) cold event (Mangerud, et al. 2010; Stuiver and Grootes 2000).
DO events are believed to result from changes to the thermohaline circulation (THC) o f the north 
Atlantic, which allows fresh water to stay on the surface o f the ocean (Boyle and Keigwin 1987; Clark, et 
al. 2002). Under normal conditions o f THC, warm water circulates to the north where it cools and sinks at 
high latitudes and then upwells back to the surface o f the ocean at lower latitudes. When the THC is 
interrupted, fresh water (which is less dense than salt water) stays on the surface o f  the ocean and freezes 
into sea ice, creating a positive feedback loop; the sea ice increased albedo while inhibited heat being 
released from the oceans which caused major shifts in wind patterns which helped to cool the climate 
(Brauer, et al. 2008). The climate was one o f extreme cold in the northern regions (especially around the 
North Atlantic) and a weakened Asian monsoon (Qiao, et al. 2009).
The Younger Dryas is indicated in the Tanana Valley through a change in vegetation and pollen 
from lake cores (Beget, et al. 1991; Bigelow 1997; Bigelow, et al. 1990a; Bigelow and Edwards 2001; 
Kokorowski, et al. 2008). During this time there was a reversal to sage and grasses in the pollen record, 
indicating a colder and drier climate (Bigelow 1997:151). Hoffecker and Elias (2007) note that one o f  the 
strongest signatures for the Younger Dryas is the increase in bison remains found at archaeological sites 
that date to this time period which they say indicates an increase in the amount o f  steppe habitat. At the end 
o f this period woodlands begin to be established on the landscape with the expansion o f Populus, and Alnus 
is seen for the first time in the region (around 9,000 14C yr BP (10,120 + /-110 cal yr BP)) (Anderson, et al. 
2004). Lake levels at this time were low while seasonality was high, with summer temperatures being 
warmer and winter temperatures being colder than they are today (Barber and Finney 2000; Bartlein, et al. 
1991). Winter precipitation may also have been greater during the winter as the Aleutian low was likely 
seasonally stronger in the winter (Kokorowski, et al. 2008). At Birch lake, drier and cooler conditions are 
inferred for the YD from an increase o f Artemisia in the pollen record and a decrease in the lake’s level.
The pollen record from Harding Lake has increased levels o f  Populus, but the dating o f this increase is 
suspect, as decay counting 14C analysis was used on 10cm core slugs (other lake cores which were dated 
by AMS show the Populus zone being 2000-1000 yrs younger than those dated on core slugs using decay 
counting) (Bigelow and Powers 2001). Because o f  this, the rise in Populus seen at Harding Lake is believed 
to occur after the YD.
Much o f  Interior Alaska is in the extended rain shadow o f the Alaska Range and so the increase in 
aridity may have been exponential during this time (Bigelow 1997). This climatic period is expressed in a 
sand layer found at several archaeological sites in the region (Broken Mammoth, Dry Creek, and Upward
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Sun River) and is believe to indicate windy conditions, a lack o f surface vegetation to stabilize the 
landscape, a lack o f soil formation, and continued aeolian deposition (Bigelow 1997; Bigelow, et al. 1990b; 
Potter, et al. 2008).
The effect o f the Younger Dryas on paleo-populations has not been concretely determined and 
there is contention as to whether populations were little affected by this event (Bigelow and Powers 2001; 
Mason, et al. 2001), or if  it punctuates a population decline in the region (Bever 2006; Potter 2008d). A 
general species distribution was constructed by Yesner (1996) from the faunal remains at the Broken 
Mammoth site for the period just after the Younger Dryas. The assemblage was mainly composed o f bison, 
wapiti and caribou remains, where as the earlier occupation at the site (which correlated with the Birch 
zone) was mainly composed o f small mammal and bird remains (and some bison bones). Mason et al. 
(2001:541) hypothesize that the loess dunes that formed during this period may have been utilized to 
disadvantage these larger mammal species. A caveat to this discussion is the unreliable nature o f caribou 
(in terms o f migration routes). Burch (1972) noted that a reliance on caribou might actually be an indication 
o f decreased population.
The YD signal is not well expressed at many o f the sites in interior Alaska, and this is most likely 
due to two factors. The first o f these, which was mentioned above, is because the Alaska Range blocks 
weather systems from the ocean. Much o f the ocean produced cooling that is evident in other areas would 
not reach the interior. Also, during the YD a high pressure system is believed to have been located to the 
north o f Alaska and during the summer this high pressure system would have resulted in drier and warmer 
conditions (Edwards, et al. 2001).
2.5.3 Holocene Thermal Maximum
The Holocene Thermal Maximum (HTM) (11,500 to 9,100 cal yr BP) started due to a strong 
summer insolation anomaly which was most likely catalyzed by the Milankovitch cycle (Kaufman, et al. 
2004). Insolation was higher in the summer and lower in the winter than at present (Kutzbach, et al. 1998). 
Temperatures in the arctic and subarctic during this event were estimated to have been 5-8°C warmer than 
present. The rapid rise in temperature may have taken place over a very short time period, with estimates 
ranging from 5 to 50 yrs (Hoek and Bos 2007; Prasad, et al. 2006). This short time frame o f rapid 
temperature increase most likely resulted from the amplification o f the Milankovitch Maximum by a 
number o f variables, chief among them the reduced albedo o f ice-free Beringia. Range expansions o f  
beetles (Nelson and Carter 1987), beaver (MCCulloch and Hopkins 1966), aquatic plants, and Populus 
balsamifera (Brubaker, et al. 1983; Mann, et al. 2002) are evident during this time, indicating wanning 
temperatures. In the Yukon-Tanana upland area well-developed soils formed around 11 cal yr BP (Porter 
1988; Weber, etal. 1981).
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At the end o f the Holocene Thermal Maximum there is evidence o f spruce moving into the Tanana 
River Valley (Bigelow 1997; Bigelow and Powers 2001) which is tentatively linked to a decrease in 
population (Potter 2008d; West 1981). Paludification has been linked to black spruce expansion which may 
have hindered human movement across the land. Mason et al. (2001) and Potter (2008d) also found an 
inverse correlation between Denali occupations and the HTM.
Reconstruction o f Birch Lake water levels at the beginning o f this period indicate the climate was 
dry and warm and that summer precipitation was 25-40% less than present while the end o f the HTM saw a 
rise in lake levels and moisture (Abbott, et al. 2000; Barber and Finney 2000; Bigelow and Edwards 2001).
2.5.4 8.2k Event
The 8.2 ka event (the “younger” Younger Dryas) is a cooling event and is more ephemeral in the 
paleoclimate record than the Younger Dryas (Beget 2001). Unlike the gradual cooling seen for the Younger 
Dryas period, the 8.2 k event began very abruptly with rapid cooling taking place in possibly a matter of 
months (Alley 2007; Alley and Agustsdottir 2005). As with the Younger Dryas event, there are many 
hypothesis as to the catalyst (e.g. the final sudden draining o f  Lake Agassiz which would have caused an 
influx o f fresh water into the oceans and shut down the thermalhaline circulation) and termination (e.g. 
increase in the greenhouse affect due to a massive influx o f methane to the atmosphere resulting from the 
Storegga landslide o ff the coast o f Norway) o f this event (Barber, et al. 1999; Beget and Addison 2006).
There is a decline in spruce pollen which correlates with this event (Bigelow 1997; Shimer 2009), 
although if  the decline is due to competition from other species or from changing climate is not concretely 
established (Anderson and Brubaker 1994). Peat sections near Fairbanks show signs o f  aridity during this 
time, which has been credited to resulting from colder conditions (Andreev and Peteet 1997). It appears 
that loess deposition may have overtaken pedogenic processes, which has been attributed to resulting from 
a more glacial climate (Bigelow and Beget 1991; Muhs, et al. 1997).
A population spike has been noted by some (Mason, et al. 2001) as a result in inferred increased 
numbers o f caribou. Caribou do better in cold and arid conditions than in warm and wet conditions (due to 
the smaller amount o f snow fall and increased growth o f lichen) (Mason, et al. 2001). The supporting 
evidence for this population spike is somewhat tenuous (Potter 2008b; Potter 2008d). The number o f sites 
that have been radiocarbon dated to this event is small, thus any correlations between site occupation and 
the 8.2k event are fragile and subject to change as more sites are investigated.
As evidenced by the Greenland ice cores (GRIP and GISP2) in addition to the 8.2ka event there 
are four other cooling events during the early Holocene which may have lasted for tens or hundreds o f  
years. These are recorded at 11,100, 9,950, 8,800, and 8,500 cal yr BP (Alley 2004; O'Brien, et al. 1995; 
Rasmussen, et al. 2007). Evidence o f all five o f  these cooling events is ephemeral in Alaska as their signal 
is partially obscured due to the melt water pulses from the ice sheets (Ehlers and Gibbard 2004).
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2.5.5 Mid to Late Holocene
In comparison to the rest o f  the Holocene and Late Pleistocene record, there is a dearth o f  
information on the climate and paleoecology for the Mid to Late Holocene, this is most likely the result o f  
several factors. First, the preservation o f proxies may be poor (i.e. lack o f preservation in soil due to acidic 
conditions from the modem boreal forest or lack o f resolution in lake cores). Second, the climate and 
paleoecology was similar to present day conditions and so little time is spent investigating this period. 
Finally, the tendency o f researchers to focus on the late glacial/early Holocene in regards to climate 
determinalism as this was the period when colonizing populations were believed to enter the New World. 
Regardless, this period is the most visible in the archaeological record o f Interior Alaska and there is no 
reason to assume that climate would have had any less o f  an effect on paleopopulations than in the 
preceding periods.
During the Mid to Late Holocene there are several periods o f rapid climate cooling. These are 
dated to 6000-5000 cal yr BP (with a cold spike at 5,600 cal yr BP), 4,200-3,800 cal yr BP, and 3,500­
2,500 cal yr BP (Mayewski, et al. 2004). A decrease in the amount o f organic sediment in lake cores from 
the Northwest Canada after 2000 cal yr BP suggest a cooler than present climate and may represent 
Neoglaical cooling (Ruhland, et al. 2009). It is also during this time that the fire regime o f the state changed 
to more frequent fires which has been linked to the increase in black spruce populations (Hu, et al. 2006; 
Mason and Bigelow 2008).
Prior to 4,000 cal yr BP, the Tanana River Valley was cooler and wetter than present day. From 
around 4000 yrs BP to 400 yrs BP the climate o f  the Tanana Valley is believed to have been drier and 
warmer than at present, as evidenced by fewer and less intense floods o f the Tanana River (Mason and 
Beget 1991). Flood deposits indicate that after 400 yrs BP the climate again became cooler and wetter than 
the preceding period (Mason and Beget 1991). There is a perceived increase in population after 6,000 cal yr 
BP due to an increase in the abundance o f sites dating to this period; however the increase in sites may be 
due to biased sampling methods and preservation in the record (Potter 2008d).
2.5.6 Pollen
Before 16,000 cal yrs BP the pollen record is dominated by forbs and graminoids. The Birch Zone 
(indicated by the presence o f  dwarf birch and willow) began just after 16,000 cal yrs BP and is marked by a 
significant increase in birch pollen in the record and a change from herbaceous tundra to shrub tundra 
(Anderson, et al. 2004; Ritchie and Cwynar 1982; Yesner 2001). The Birch Zone lasted for approximately
6,000 years. The catalyst for this change in vegetation is believed to be the wetter and warmer conditions 
during this time (Finney, et al. 2004). At 14,000 ± 250 cal yr BP the pollen record from Birch lake shows 
Betula as being the dominant constituent with Cyperaceae and Salix also making contributions (Bigelow  
and Powers 2001).
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At 13,000 ± 250 cal yrs BP Betula is still the dominant constituent at Birch Lake with Salix 
showing up in the record in small percentages indicating a birch shrub tundra with willow (Bigelow and 
Powers 2001). Also during this time period Birch Lake shows a moderate amount o f Artemisia pollen, 
which grows in alpine or arid conditions. Salix appears in the record in high percentages around 12,000 ± 
250 cal yr BP (although Betula is still the dominant pollen represented). Populus was the dominant 
vegetation in Interior Alaska forests lfom 13 ka to 10 ka and resulted in a Populus dominated woodland 
(Anderson, et al. 2004; Edwards, et al. 2005).
After the Birch rise, white spruce appears in the macrofossil and pollen record at around 10,000 
cal yr BP, although it is not well represented in many records until the main Spruce Rise (black and white 
spruce) (beginning after 9,000 cal yr BP) (Brubaker, et al. 2005). Alnus also appears in the pollen record in 
the Central Alaska around 10 cal yr BP, although it is absent from the Birch Lake pollen record until after
9,000 cal yr BP. This dearth o f  Alnus pollen has been attributed to continuing aridity in the Tanana River 
Valley (Bigelow and Powers 2001). By 6,800 cal yr BP the present day vegetation o f boreal forest was 
established in the area (Anderson, et al. 2004; Bartlein, et al. 1991).
Both macrofossil and pollen distributions are also important to paleoclimate reconstruction, but 
there are limitations to their application in paleoclimate reconstruction. Pollen can more easily travel via 
wind, and certain plant species produce more pollen than others. The pollen records found in lakes could be 
misrepresentative o f the actual paleo-vegetation o f an area. Not all plants produce pollen, and macrofossil 
and pollen survivorship is contingent on multiple factors such as the morphology o f the macrofossil and the 
environmental conditions to which it is subjected. Due to the coarse nature o f  loess, it is a poor 
environment for macrofossil and pollen preservation.
2.6 Loess
Studies o f  the Tanana River loess have been extensive (see Beget 1996; Beget 2001; Beget, et al. 
1990; Dilley 1998; Lagroix and Banerjee 2006a; Lagroix and Banerjee 2006b; Muhs, et al. 2001; Muhs, et 
al. 2003; Muhs, et al. 2008; Muhs and Bettis 2003; Muhs and Budahn 2006) and there is ongoing 
discussion over the mineralogy and geochemistry o f  loess in the Tanana River Valley. Rate o f deposition, 
distance to source, and other variables inform contextual understanding o f archaeological sites as well as 
understanding o f preservation o f faunal material, and must be taken into consideration when attempting to 
elucidate site formation processes.
Previous studies (Muhs, et al. 2003; Muhs and Budahn 2006) o f Alaskan loess have determined 
that it is mainly composed o f quartz and mica. Its clay mineralogy is composed o f Mg-rich chlorite, 
smectite, kaolinite, mica, clay-sized quartz, plagioclase, and feldspars, with plagioclase being the most 
abundant clay mineral (Muhs, et al. 2003).
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While not as high in carbonates as other North American loess, Interior Alaskan loess is 
moderately to highly calcareous (Muhs and Budahn 2006). By comparing the sediment carbonate content 
of Tanana, Yukon and Nenana River silt (the sources o f loess) to that o f  visually unaltered loess, Muhs and 
Budahn (2006) found that the loess had significantly lower carbonate content than the river silts, indicating 
that this “unaltered” loess has actually experienced leaching. This is an important principle for vegetation 
reconstruction, as the boreal forest is more acidic than herb tundra vegetation, and so leaching under herb 
tundra vegetation would require a slower sedimentation rate than under the boreal forest (Muhs and Budahn 
2006).
Loess forms in glacial and periglacial environments through two main processes, frost shattering 
and glacial grinding (Muhs and Bettis 2003). The silt-sized particles that result from these two processes 
are deposited in glacial till, and then reworked and transported by glacial outwash and other fluvial 
processes. At any point in this continuum these small particles can be entrained and then deposited by 
wind.
The relationship between aeolian deposition and glacial episodes is important for paleoclimate 
reconstructions. Loess deposition occurs through almost continuous “background dust flux” and through 
discreet aeolian depositional events (Beget 2001). Through geochemical studies o f  loess weathering, source 
area and wind directionality can all be examined.
Studies o f  loess and aeolian sands have yielded excellent records o f  glacial and interglacial cycles. 
The sedimentary structure o f loess deposits is influenced by a number o f different variables such as, wind 
intensity, distance to source, storminess, and soil formation. Loess sedimentology along with 
environmental magnetism and tephrachronology has been strongly positively correlated with ice and 
marine core records to indicate climate change (Beget 1996; Beget 2001; Beget, et al. 1990; Muhs, et al. 
2008; Muhs and Bettis 2003).
There are two schools o f  thought on the relationship between loess deposition and glaciation. In 
the first it is believed that an increase in loess deposition indicates glaciation, while paleosol development 
indicates periods o f decreased deposition and interglacial environments (Pewe 1965; Pewe 1975).
In the first view, magnetic susceptibility has been utilized as a proxy for glacial periods, as higher 
magnetic susceptibility values may indicate glacial periods, while lower values can indicate warmer periods 
(Beget 1996; Beget 2001; Bettis, et al. 2003; Bigelow, et al. 1990b; Lagroix and Banerjee 2002; Lagroix 
and Banerjee 2006a; Lagroix and Banerjee 2006b; Muhs, et al. 2008; Muhs and Budahn 2006; Muhs, et al.
2004). At the end o f the late Pleistocene and the beginning o f the early Holocene there were large loess 
depositional events in Alaska that may have been seasonally produced (Thorson and Hamilton 1977). It is 
believed that these events resulted from large areas o f  exposed bare ground in the floodplains in interior 
Alaska (Pewe 1965), and estimates o f the wind direction and intensity o f  these loess storms can be found in 
the orientation and extend o f dunes (Hopkins 1982). It has been proposed that the rise o f forests and alder
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around 9,000 cal BP decreased the source area for loess, thus decreasing the depositional events seen in the 
record (Mason, et al. 2001).
The second view holds that glaciation is important for the formation o f loess, but that its 
deposition and accumulation takes place during non-glacial periods. Muhs et al. (2003) found that only 
moderate deposition took place during glaciation, and that vegetation is a key factor in loess accretion. In 
their study they found that while glacial periods produced the loess particles the conditions during these 
times (cold and increased wind) were not conducive for loess buildup. Instead it was during periods when 
thick vegetation could form on the landscape (such as the boreal forest in Alaska) that loess accumulation 
was highest; as this vegetation served as an effective trap for the loess. In the model these investigators put 
forward loess accumulation in central Alaska occurs because o f  the presence o f the tall vegetation rather 
than an intensification o f glacial conditions.
2.7 Site Formation Processes
Site formation processes are a critical element o f archaeological investigations because 
archaeologists utilize the patterning o f artifacts to infer past behavior. Site formation processes identify 
patterns o f past human activity and separate them from natural and more recent human processes.
2.7.1 History
Studies o f  site formation developed out o f  New Archaeology, which promoted the theoretical 
approach involving the identification o f behaviors that are common to all cultures across time (Binford and 
Binford 1968; Clarke 1968; Watson 1985; Willey and Sabloff 1993). Regardless o f what else New  
Archaeology did, the attention to scientific and systematic methods used by the new archaeologists was 
later applied to multiple sub-disciplines, such as archaeometry, geoarchaeology, and taphonomy (Stein
2001).
Studies into site formation processes began in earnest in the 1960s and 1970s when archaeologists 
began to notice that the location o f  artifacts could shift after deposition (Stein 2001). During the 1970s a 
number o f archaeologists began investigating and publishing on site formation processes. Foremost among 
them was Schiffer, whose works on site formation processes brought their importance to the attention o f the 
larger archaeological community. Schiffer is mainly known for his work on the behavioral theoretical 
approach, which included investigations into formation processes, and his attempts to create laws and 
theories to explain the archaeological record (1972). He also expounded the idea that archaeologists had to 
distinguish between the natural and cultural processes that influenced artifacts after they had been 
deposited in order to infer behavioral information (Schiffer 1972).
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2.7.2 Systemic Context
In his 1972 article, Schiffer set out a flow model to show the different stages that an artifact could 
potentially go through. The first such stage is the systemic context which, “labels the condition o f an 
element which is participating in a behavioral system” (1972:157). Systemic context is further broken down 
into five processes; procurement, manufacture, use, maintenance, and discard (1972:160). Each o f these 
five processes can then be further broken down into different stages, and these stages can be broken down 
into one or multiple activities (1972:160). Systemic context relies on the theory that certain processes took 
place at certain locations and that at these locations the odds o f  finding a particular artifact are greater than 
at other unrelated locations.
With the final process, discard, the use-life o f  an artifact comes to an end. According to Schiffer 
this is when the artifact first becomes classified as refuse. Schiffer sets out three different types o f  refuse. 
Primary refuse results from discard o f an artifact at the location o f its use. Secondary refuse results from the 
discard o f artifacts at locations that are different from the locations at which they were used (i.e. a midden). 
The final type o f  refuse is termed “de facto refuse” and it refers to artifacts that were never actually 
discarded but are still found in archaeological context, which is the next stage in Schiffer’s flow model 
(1972:160). Schiffer describes archaeological context as, “materials which have passed through a cultural 
system, and which are now the objects o f investigation o f archaeologists” (1972:157).
Schiffer was not alone in the quest to distinguish primary and secondary site formation processes 
from each other and determine their impact on the archaeological record. Multiple other publications from 
the late 1970s and early 1980s also put forward hypotheses regarding whether the patterning o f artifacts 
found at archaeological sites resulted from processes different from the primary cultural process (e.g.
Bocek 1986; Erlandson 1984; Gifford-Gonzalez, et al. 1985; Rick 1976; Stein 1983; Villa 1982). It was 
during this time that experimental research began to discern the effects o f natural processes by controlling 
for certain variables. Formation processes were also o f  interest to archaeologists who were not behavioral 
archaeological theorists, but rather utilized formation processes concepts in their methodological 
approaches (e.g. Bar-Yosef 1993; Nash and Petraglia 1987). From concerns regarding formation processes 
and the patterning o f deposits grew the sub-field o f  geoarchaeology, first termed by Renfrew in 1973 
(Renfrew 1976).
During the 1980s the basic unit o f site formation analysis changed from the artifact to the deposit. 
This change increased the importance o f geoarchaeology to all investigations as it showed that site 
formation analysis was important at all types o f sites, not just those o f great antiquity (Goldberg, et al.
2001; Stein 2001).
While much o f the theory behind behavioral archaeology has come under criticism, the concept of  
the transformative secondary site formation processes gained importance for the understanding o f  
archaeological sites. There are three types o f processes that need to be considered in investigations of
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formation processes. The first o f  these are the primary cultural processes that form the archaeological 
record, including such activities as procurement, use, maintenance, and discard o f materials and artifacts. 
Cultural processes are responsible for the behavioral patterning o f artifacts at different locations at a site 
(activity areas). The second type o f  process is also cultural in nature and encompasses those processes that 
disturb, remove, or distort the primary cultural processes. The third type o f  natural processes are those that 
alter, remove, or preserve the original material record. The second and third types account for the 
transformative nature o f  the archaeological record and are generally termed secondary site formation 
processes.
2.7.3 Soil Formation Processes
Natural site formation processes are incredibly important to understand spatial patterning of 
artifacts and deposits. One o f the most important and basic o f  these processes is that o f  pedogenesis, or soil 
formation. To understand pedogenesis and its importance in archaeology, it is necessary to first have an 
understanding o f the basics o f pedology and soil geomorphology.
Soil geomorphologists and pedologists have outlined a series o f  models for the processes o f  soil 
formation, the variables that drive the processes, and how soils change as landscapes evolve (Birkeland 
1999; Schaetzl and Anderson 2005). The most basic o f these models is the “multiple-process model” 
(Schaetzl and Anderson 2005) wherein soils are thought to form as the result o f  biogeochemical processes 
that are determined by the ecosystem. This relationship can also be expressed as the “internal soil-forming 
processes” which are driven by the “external soil-forming factors” (Buol, et al. 1997). In the “multiple- 
process model” Simonson (1959; 1978) groups the internal pedogenic processes into four categories: 
addition (such as organic material), losses (leaching o f different materials), transfers (illuviation o f clay or 
iron), and transformations (decomposition o f organic material). The external soil-forming factors are 
outlined in the State Factors model.
First put forward by Jenny (1941; 1980) the five external factors in the State Factors model are 
climate, organisms (both plant and animal), relief (topography and landscape setting), parent material, and 
time. Their relationship is expressed in the equation S = f (cl, o, r, p, t) and is known as the CLORPT model 
(Birkeland 1999). In this equation soil is a function o f the interaction o f the five factors, and while the 
equation can never actually be “solved”, the effects o f each factor can be modeled by holding all o f  the 
other factors constant and examining the variation o f that particular factor (Jenny 1980). These qualitative 
statements are described as sequences (the climosequence, biosequence, toposequence, lithosequence, or 
chronosequence) while the resulting quantitative statements are described as functions (climofunction, 
biofunction, topofunction, lithofunction, or chronofunction) (Birkeland 1999; Jenny 1980; Schaetzl and 
Anderson 2005). There are problems with this type o f modeling, as each o f the five factors is not truly 
independent (with the exception o f time), and as the factors do not really explain either landscapes or the
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actual pedogenic process (they describe the external factors that affect the soil). None the less these factors 
need to be considered when trying to discern site formation processes.
Bidwell and Hole (1965) augmented the State Factors model to include the effects o f  human 
activity, which can modify the traditional five factors. For example, the R factor (relief) can be modified 
when cultures construct terraces or dig canals. Amundson and Jenny (1991) account for the influence o f  
human activity by creating a sixth factor, the anthropogenic state factor.
Another key concept in soil geomorphology that is important to this discussion is the relationship 
between the stability o f  a landscape and its soils. Soils generally form on stable landscapes (landscapes that 
are undergoing no major erosion or aggradation). The K-cycle model by Butler (1959; 1982) depicts 
landscapes and soils as “periodic phenomena” in which there are unstable phases o f  erosion and deposition 
(Ku) and stable phases (Mercader, et al. 2002) during which pedogenesis takes place.
The final model that merits discussion here is the soil evolution model (Johnson and Watson- 
Stegner 1990) which combines aspects o f  the three models described above for a more dynamic 
representation o f pedogenic processes. It explicitly employs the concept o f  soil formation as a non-linear 
process that has two types o f  pedogenesis: progressive and regressive. Progressive pedogenesis includes the 
factors and processes that increase soil development and horizonation, while regressive pedogenesis 
includes the factors and processes that create haploidization (Johnson and Watson-Stegner 1990). The 
processes o f  site formation which result from pedogenic processes are usually divided into the categories o f  
horizonation and haploidization. Horizonation processes are those that produce soil horizons, while 
haploidization processes are those that mix soils (Schaetzl and Anderson 2005).
Soil horizons result from the alteration o f soil parent material and are grouped into a series of 
categories. Variables that produce soil horizons are: accumulation and humification o f organics at the soil 
surface, the removal o f clay, the mixing and humification o f organics into the parent material, leaching, 
weathering, development o f  the soil structure, and illuviation (Duchaufour 1998). The easiest way to 
examine these processes is from the top down, beginning with the organic horizon.
The O horizon is composed mainly o f soil organic matter and is divided into three categories: leaf 
litter, peat bogs (wet peats), and blanket bogs (dry peats) (Buol, et al. 1997). Each o f these types o f O 
horizons influences the archaeological record to different extents. For example, organic preservation is 
generally better in wet peat settings than dry peat settings due to the anaerobic nature o f these bogs 
(Holliday 2004).
The A horizon (a mineral soil) is characterized by the addition o f  humified (decomposed) organic 
material, and is the most dynamic region o f the soil column (Buol, et al. 1997; Schaetzl and Anderson
2005). Because o f this, archaeological deposits that are located in A horizons are more likely to be affected 
by diagenic processes. The A horizon is also characterized by decalcification and desalinization (loss o f  
calcium carbonate and slats) and elluviation (loss o f  clay-size particles).These losses, when combined with
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the addition o f the humic organic material, lead to acidification o f the A horizon, which is a very important 
factor for archaeological preservation (more acidic conditions lead to less organic preservation of 
archaeological remains). The modem boreal forest o f Interior Alaska is acidic in nature and results in poor 
preservation o f organic remains. A horizons are also the zones where most floral (such as root growth) and 
faunal (such as ground squirrel) activity is found in the soil column, and as a result are the most disturbed 
by these processes (Johnson and Watson-Stegner 1990).
The E horizon is the horizon o f elluviation (leaching via water) o f  clay, sesquioxides and humus 
(Schaetzl and Anderson 2005). Elluviation results in the destruction o f the primary bedding o f the soil 
column and most organic material. Sites that exhibit E horizons have poor preservation.
The B horizon is characterized by leaching, illuviation (addition), weathering, and soil formation 
(Schaetzl and Anderson 2005). In B horizons it is common for the primary bedding to be destroyed due to 
mixing o f the sediments from flora and fauna and the translocation and illuviation o f different minerals. 
These processes can also affect archaeological sites. Illuviation o f bases (such as calcium carbonate) into B 
horizons will enhance preservation o f organics, while illuviation o f sesquioxides (such as iron) will inhibit 
preservation o f organics. Fluctuations in the water table can also inhibit the preservation o f organics and is 
evidenced from gleyed horizons.
There is little recorded data on the effects o f horizonation processes on archaeological sites, with 
the exception o f micromorphological studies (see Courty, et al. 1989; Goldberg 2000; Goldberg and Bema 
2010; MacPhail and Goldberg 1990). Haploidization processes, on the other hand, are well evidenced in 
archaeological research and account for the majority o f disturbances to primary site context.
The most common haploidization processes at archaeological sites are those o f  bioturbation 
(including floralturbation and faunalturbation). Floralturbation is the mixing and disturbance o f  soils 
through plant growth and fuanalturbation results from animal activities. Freeze-thaw processes 
(cryoturbation), gravity (graviturbation), shrink-swell processes (argilliturbation), and wind movement 
(aeroturbation) also result in haploidization (Grave and Kealhofer 1999; Holliday 2004; Johnson and 
Watson-Stegner 1990; Schiffer 1987).
Bioturbation is indicated at a site by; tilt and orientation o f cultural remains (non-horizontal 
orientation), a lack o f intact features, diffusion (both vertically and horizontally) o f clustered remains, 
mixing or movement o f  remains resulting from a single activity, and by the visual correlation o f  
bioturbation and artifact location (Holliday 2004: 283; after Michie 1990).
Faunalturbation can result from a variety o f burrowing activities by a diverse range o f  creatures 
(e.g. earthworms, ants, termites, ground squirrels and other small animals) and can result in the mixing o f  
soils, changes in the stratigraphic relationships between archaeological deposits and soil horizons, the 
preferential destruction o f delicate artifacts, the downward movement o f coarser grained sediments, and the 
upward movement o f fmer grained sediments (Butler 1995; Hole 1981; Leigh 2001; Mitchell 1988; Pierce
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1992; Waters 1992; Wood and Johnson 1978). Faunalturbation can also cause stones and artifacts that 
were originally at the surface o f  a site to move downward and form subsurface “stone lines” and artifact 
horizons (Balek 2002; Erlandson 1984; Johnson 1990; Johnson and Watson-Stegner 1990; McBrearty 
1990). Burrowing by larger animals can cause large stones to move both up and down, so stone lines are 
not necessarily produced by this type o f  bioturbation (Mello Araujo and Marcelino 2003). In addition to 
mixing the soil, termites and ants also increase the pore space in soil, which can in turn increase the 
dissolution o f bone and other organics at archaeological sites (Cahen and Moeyersons 1977; McBrearty 
1990).
Floralturbation is the mixing o f  soils by plants, mainly due to the process o f root growth (Johnson 
1990; Wood and Johnson 1978). Roots can break artifacts, disturb features, add organic material to soil 
horizons, and create pathways for other materials to travel through the soil column (e.g. Anderton 1999; 
Johnson and Watson-Stegner 1990). The most destructive type o f floralturbation results from tree 
uprooting, or tree throw (Limbrey 1975; Wood and Johnson 1978). Tree throws can mix the A and B 
horizons, disturb archaeological features, and produce stone lines (Callum 1995).
Argilliturbation results from the mixing o f soils due to the swelling and shrinking o f clay minerals 
due to wetting and drying respectively (Schaetzl and Anderson 2005). Seasonal wetting and drying cycles 
of soils rich in clay material (Vertisols) can result in the formation o f large cracks in the soils which can 
destroy the soil stratigraphy as well as displace artifacts (Duffield 1970; Hofrnan 1986; Morris, et al. 1997; 
Wood and Johnson 1978).
Disturbance due to freeze-thaw cycles is termed cryoturbation and can have similar effects to 
argilliturbation on archaeological assemblages (Wood and Johnson 1978). Cryoturbation effects on 
archaeological assemblages are frost heave and thrust, involutions, gelifluction, and frost cracking; in 
Alaska these effects have been investigated mainly through experimental studies (Bowers, et al. 1983; 
Hilton 2002; Hilton 2003; Hopkins and Giddings 1953; Mackay, et al. 1961; McKennan and Cook 1968; 
Reid 1984; Schweger 1985; Thorson and Hamilton 1977; Thorson 1990; Wilson 1990; Wood and Johnson 
1978). All o f  these processes work to obscure, and distort the natural stratigraphy at sites, as well as re­
orient artifacts and move them through the soil profile.
Aeroturbation (wind effects) can also alter sites. Wind can help preserve the primary context of 
artifacts through burial, but it can also erode the landforms on which assemblages were first deposited, thus 
destroying their primary contexts (such as lag surfaces through the process o f  deflation) (Rapp and Hill
2006). Graviturbation or mass wasting is the movement down-slope o f  deposits. This movement can be 
slow (soil creep, solifluction) or fairly fast (landslides, slope failure) (Rapp and Hill 2006). Many times 
these processes are the result o f  cryoturbation or other bioturbational processes, such as at Iyatayet or at the 
Engigstack site (Hopkins and Giddings 1953; Mackay, et al. 1961).
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Formation processes o f  sites are also dictated by the landform and environment o f an area (caves, 
basins, alluvial settings, deserts, etc.) (the CL and R factors o f the State Factor Model) as well as by the 
depositional system for sediments (alluvial vs. aeolian vs. lacustrian) (Rapp and Hill 2006). Another factor 
in site formation is welded soils. These are soils that are shallowly buried or incorporated into the pedon o f  
the overlying soil due to their thickness and length o f  stability; these two soils overlap and meld together 
(Retallack 1990). Welded soils can have obscured A horizons which can create problems for interpretation 
o f archaeological site contexts.
Equifmality is also very important in discussions o f site formation processes. An artifact found 
below the surface soil, for example, may have arrived at its location through bioturbational processes or 
simply through depositional processes (see Leigh 1998; Leigh 2001; Van Nest 2002). Grain size analysis, 
micromorphology, geochemical analysis, landscape evaluation, and dating are used to separate these 
different processes from one another.
Pedogenic processes, including diagenic alterations (which are all alterations that a sediment 
undergoes after it has been deposited), are those processes that produce or change soils, and these processes 
can also alter archaeological deposits. Pedogenic processes include translocation and gains and losses o f  
materials in the soil profile (Buol, et al. 1997). Pedoturbation, the mixing processes related to soil 
formation, can also disturb artifacts and the context o f  sites (Schiffer 1987).
Secondary cultural processes can involve any number o f different activities. Site reuse, 
excavation, plowing, etc. all have the possibility o f  disturbing the original cultural deposits at a site (Herz 
and Garrison 1998; Waters 1992). Human activities can also influence the five factors o f soil formation. 
Location is important in trying to determine these secondary cultural processes, as many times landscape 
location is a factor in the reuse o f sites and the duration o f occupation. Exposed ridgelines or knolls (such 
as at the Mead Site) with good viewsheds are commonly believed to be lookout sites. It is probable that 
these sites were utilized by multiple different groups o f people over time, and that the more recent 
occupations disturbed the cultural remains left at these sites by earlier groups o f  people. Many times these 
secondary cultural processes are readily evident at sites (obvious cross-cutting o f earlier features and 
stratigraphy), while other times there might be little or no real evidence o f  these secondary cultural 
processes (such as at surface lithic scatters or other surface sites). Chemical alteration due to human 
activities is also a prevalent disturbance at archaeological sites (Eidt 1985; Holliday 2004).
2.8 Micromorphology
Micromorphology analysis studies the in situ structure o f  sediments and soils and supplies 
information regarding site formation processes and spatial variation not available at the macroscopic level 
o f analysis (Goldberg and MacPhail 2006). Methodology ensures that the undisturbed samples are used in 
thin section so the composition, texture, and fabric observed through the microscope are the same as that o f
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the intact soils in the field. The utility o f micromorphological analysis has been shown at a number of 
recent excavations from around the world (for example see Homsey and Capo 2006; Kelly, et al. 2006; 
Matthews, et al. 1997; Schiegl, et al. 2003). Past landscape surfaces can be reflected in the pedofeatures 
found in thin sections (French 2003). By studying the pedofeatures, microstructure, and microfacies o f  the 
sediments at the Mead Site through thin section analysis, it is possible to distinguish pedogenic and 
diagenic features and to interpret the site formation processes. The fabric o f a soil’s microstructure is 
determined by what it formed in (the parent material) and the alterations during pedogenesis (McCarthy
2002).
For example, subangular blocky peds are usually described as Bt horizons and are formed by the 
shrinking and swelling o f  clays (Retallack 1988). Also, the birefringent fabrics o f  soils can give clues to the 
site formation processes (Fitzpatrick 1993). Weakly birefringent clay accumulations are an indication o f  
age in the soil (the more orientated, the older the soil) and they result from wetting and drying cycles and 
bioturbation (Fitzpatrick 1993). A mixture o f well-orientated and weakly orientated birefringent clay 
accumulations may indicate soils disturbance and secondary deposition (Fitzpatrick 1993).
By looking at the orientation o f laminated clays, illuviation may be discerned. Illuviation o f clay 
necessitates periods o f wetness (when the clay becomes mobile) followed by periods o f dryness (when the 
clay is deposited) (Schaetzl and Anderson 2005). This too can indicate disturbance o f  the soil that would 
cause variation in spatial patterning. Micromorphology will be used here to investigate the soil fabric and 
composition.
2.9 Environmental Magnetism
Magnetic susceptibility (%) measures the grain size and concentration o f the magnetic constituent 
o f loess. Changes in magnetic susceptibility at a site can result from both cultural and natural processes and 
can be utilized to designate activity areas, track sediment sources, and as a proxy for climate change 
(Ellwood, et al. 1996; J. and Bozarth 2008; Peters and Thompson 1999; Tite 1972).
Studies o f the magnetic susceptibility o f loess in Alaska and China have shown that the magnetic 
susceptibility signal correlates to variations o f ocean oxygen-isotope ratios (Kukla, et al. 1988) In the loess 
sequences o f  China; % variation is the result o f  pedogenic and diagenic processes (Crumley 1992; Kukla, et 
al. 1988). Paleosols have higher signals while loess has lower signals in China.
The enhanced signal o f the paleosols in the Chinese loess series is the result o f several processes. 
The first o f  these is differing rates o f loess deposition between cold and warm periods (Kukla, et al. 1988; 
Xiaomin, et al. 1994; Yang, et al. 2004). Due to the small particle size o f  fine-grained magnetite, it is 
consistently deposited via the background dust fall. During periods o f ameliorating climate, loess 
deposition decreases and as a result there is a higher ratio o f  fine-grained magnetite to the coarser magnetic
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mineral constituent. Studies have shown that during soil forming processes in Alaska there is also a 
constant background dust fall punctuated by large dust fall events (Beget 1996; Muhs and Bettis 2003).
The enhanced signal may also be due to pedogenic and diagenic processes. Heller, et al. (1993), 
found that the processes o f  compaction and decalcification in loess profiles result in higher ratios of 
magnetic materials. Fine-grained magnetite can also be produced by bacteria and through oxidation o f non­
magnetic iron, and so may be the result o f  both authigenic and detrital sources (Crumley 1992). Burning 
can also cause an increase in magnetic enhancement (Weston 2002).
Verosub et al. (1993) have shown that authigenic minerals form even during periods o f  loess 
deposition, indicating that soil forming processes were taking place during the periods o f time visually 
marked by the loess deposits as well as the paleosols. They note that, “most o f  the magnetic susceptibility 
signal in both the paleosols and the loess in China is due to pedogenesis” (Verosub, et al 1993:1011).
In Alaska, the main control o f x is variation in the grain size o f  magnetic materials resulting lfom  
changes in wind intensity. Increasing x values indicate greater wind intensity (Beget 1996; Beget 2001; 
Bettis, et al. 2003; Bigelow, et al. 1990b; Lagroix and Banerjee 2002; Lagroix and Banerjee 2006a; Lagroix 
and Banerjee 2006b; Muhs, et al. 2008; Muhs and Budahn 2006; Muhs, et al. 2004; Pye 1987). Pedogenesis 
also contributes to the magnetic signal in Interior Alaska. At the archaeological site o f Dry Creek (HEA- 
005), Crumley (1992) found that the robust paleosols at the site had enhanced susceptibility due to 
pedogenic processes.
Sharpe (1996) found that variation in magnetic profiles in the Shaw Creek area resulted from 
changes in grain size as well as cultural activity and pedogenesis, and that the degree o f alteration could be 
used as a proxy for both changes in environmental conditions and human activity. Using a variety of  
magnetic parameters Sharpe found that the lower loess horizons resulted from reduced wind intensities (as 
compared with the underlying sand), while the upper loess resulted from increased wind intensity and/ or 
increased aridity.
Environmental magnetism studies can also indicate if  a sediment or soil was once at the surface of 
a landform (Davidson and Shackley 1976). Surface or past surface sediments may have a higher magnetic 
susceptibility than subsurface soils due to weathering (Davidson and Shackley 1976). By tracking the 
weathering o f  buried sediments at the Mead Site, clues to the taphonomic processes affecting the site can 
be examined.
2.10 Bulk Density
Bulk density is a physical measurement o f  the ratio o f mass to volume o f a sample and can be 
utilized to understand the porosity o f  a sample (Courty, et al. 1989). Bulk density measurements help to 
determine the shrink-swell abilities as well as other physical properties o f  a soil. Bulk density 
measurements are necessary for the geochemical analysis in this study, and while they provide a basic
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measurement o f  porosity, they do not provide any information regarding the cause o f the porosity. 
Fluctuations in bulk density in a profile can be due to; presence o f  roots, particle size changes, density o f  
particles, presence or absence o f organic materials, or burrowing by animals (Courty, et al. 1989).
2.11 Geochemical Analysis
Geochemical analysis can be utilized to distinguish cultural features from natural features and to 
understand weathering o f  soils and sediments, which can be utilized as a proxy for climate and surface 
exposure (McCarthy and Plint 2003).
By calculating the gains or losses o f elements in comparison to immobile constituents present in a 
soil (Zr or Ti) weathering and translocation o f elements can be seen (McCarthy and Plint 2003). Loss o f  K 
may result from alteration o f mica or K-feldspar while loss o f Na indicates alteration o f plagioclase. Mica, 
K-feldspar, and plagioclase are silicates, and when they are altered by hydrolysis silicic acid is produced 
which in turn results in a loss o f S i0 2 (Muhs, et al. 2008). If low ratios o f K and Na over the immobile 
constituents correspond with low ratios o f  Si over the immobile constituents then these ratios may reflect 
weathering o f mica, K-feldspar, and plagioclase. Likewise, if  weathering o f aluminosilicate clay minerals 
has taken place (smectite, chlorite) this should also be reflected in a lower ratio o f Si over the immobile 
constituents’ ratio (Muhs, et al. 2008). Loss o f Ca and Mg through a soil profile indicates weathering o f  
carbonates, while losses o f Fe and Mn reflect movement o f  these elements and o f weathering and gains 
reflect increases in oxidation and soil hydration (Retallack 2001).
Fluctuations in strain can result from alternating wet and dry conditions, which could be a proxy 
for seasonality or larger scale climate changes (Retallack 2001). Additionally, changes in the immobile 
constituents o f a soil (Ti/Zr ratios) can be indicative o f  changes is deposition (McCarthy 2002).
The amount o f  chemical weathering by hydrolysis increases along with temperature and moisture. 
The warmer and wetter the conditions, the greater the loss o f  Ca, Mg, Na, and K in a profile (Sheldon, et al.
2002). The chemical index o f  alteration (CIA) is a measurement o f the amount o f  weathering in a soil and 
is used in this study. It is calculated by taking the amount o f  A120 3 and dividing it by the amount o f  A120 3 
(alumina), CaO (lime) Na20  (soda), and K20  (potash), and then multiplying by 100. Alumina, lime, soda, 
and potash are all alkalides that are found mainly in micas and feldspars, and so the CIA is a measurement 
of the weathering o f micas and feldspars (Sheldon, et al. 2002). As the clay content o f  a soil increases, Ca, 
K and Na decrease, and Al should increase, resulting in a higher CIA (Sheldon and Tabor 2009).
Temperature is very important when trying to understand the weathering o f  soils, as liquid water 
facilitates many chemical processes. If the temperature is below freezing (such as the modem mean annual 
temperature for Fairbanks is) then less weathering o f  soils is possible as the amount o f liquid water 
available is less than in warmer times (Muhs, et al. 2008).
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Phosphorous (P) can also be utilized to recognize buried soils. In most regions around the world, 
modern soils have high concentrations o f P at their surface (resulting from biocycling), below which they 
are depleted in P (due to elluviation and plant uptake), below which they again have higher levels (as they 
are now out o f  the elluviation zone and below the plant root level) (Runge, et al. 1974). Alaskan loess has a 
similar enrichment at the very surface o f the modem soil, but lacks the lower enrichment (Muhs, et al. 
2000). Because o f this, soils that show the “enrichment, depletion, enrichment” series can be interpreted as 
either weakly developed boreal forest soils or buried tundra soils (Muhs, et al. 2003).
Movement o f elements through the soil column has repercussions for both patterning and 
preservation o f cultural remains, especially o f faunal material. A localized area void o f  faunal materials but 
with a high pH or an increase in sesqiuoxides may have once held faunal materials that were not preserved 
through time. All o f  these processes have the potential to obscure the original cultural depositional setting 
of the site, and so must be examined and taken into account when attempting to interpret intra-site 
patterning.
Geochemical analysis o f  sediments and soils can also elucidate evidence o f human occupation 
(Cook and Heizer 1965; Eidt 1985; Manzanilla and Barba 1990; Schuldenrein 1995). Soils can become 
enriched in phosphorous (P), carbon (C), potassium (K), calcium (Ca) and nitrogen (N) due to cultural 
activity, and so changes in the concentrations o f the elements through the soil profile can be used as an 
indicator o f the intensity o f human occupation (Holliday and Gartner 2007; Homsey and Capo 2006).
There are three commonly utilized applications for geochemical analysis in archaeology. The first 
of these, which is utilized in this study, is supporting activity area and feature designations by enhancement 
of certain elements. The second is utilizing the chemical analysis to locate and determine extent o f sites, 
and the third is to identify activity areas for excavation (Cook and Heizer 1965; Eidt 1985; Lippi 1988; 
Manzanilla and Barba 1990; Parnell, et al. 2001; Sanchez and Canabata 1999; Schuldenrein 1995; Wells, et 
al. 2000).
Previous research at cave and settlement sites has found strong correlations between different 
activity areas and different elements. Hearths and other burned features exhibit increases in P (Holliday and 
Gartner 2007; Homsey and Capo 2006; Middleton and Price 1996). P is a good indicator o f  cultural activity 
because it has a low susceptibility to leaching, reduction, oxidation, or other diagenic processes (Eidt 1977; 
Holliday and Gartner 2007). Butchering areas show increases in Ca due to inputs o f  calcium from the 
faunal remains (Schuldenrein 1995).
In almost all o f  the studies cited above, the cultural occupations examined for geochemical 
analysis had very well developed robust cultural features. Due to the ephemeral nature o f  the occupations at 
the Mead Site and a dearth o f robust midden and other cultural deposits visible on the macroscopic scale, 
attributing changes in the soils geochemistry to human activities must be done in conjunction with a 
detailed knowledge o f  the natural processes that are likely to have affected the site, the natural movement
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o f elements through the soil profile, and the spatial location o f cultural remains. Also, the geochemical data 
used in this study is from a few profiles at the site and so while interpreted as being representative o f  the 
general geochemical profile at the site, this analysis does not include data from many areas where the 
geochemical profile may have been altered from anthropogenic activities (such as Features 1, 2, and 3).
2.12 Scale
Scale, both temporal and spatial, is always an important issue in archaeology. In studies such as 
this one, where variables with vastly different scales are utilized to test hypotheses, assumptions have to be 
made regarding the relationships of the different variables. This study utilizes variables on the geologic 
scale (soils formation, loess deposition, climate change) in conjunction with variables on the human scale 
(occupation, feature areas). Attempting to correlate multi-millennial climate events and geological events 
with single archaeological occupations is not easily done, and as correlation does not equal causation, 
caution should be applied to not over interpret the temporal or spatial similarities that appear in the 
archaeological and paleoclimate/geological record. Additionally, many o f the variables ( i.e. orbital 
forcing, solar insulation, cloud cover, methane release, etc) that affect climate change are not well 
understood and there are large empirical gaps in our understanding o f how these different variables affect 
each other and what exactly their influence on climate is or how they influence prehistoric humans (see 
Alley and Agustsdottir 2005; Anderson, et al. 2005; Beget and Addison 2006; Bigelow and Edwards 2001; 
Edwards, et al. 2001; Guthrie 2001; Kaufman, et al. 2004; Mason, et al. 2001; Mayewski, et al. 2004)
Geographic scale is also an issue; the spatial data from the Mead Site comes from 48 lx lm  units, 
while the magnetic susceptibility data comes from profiles from nine units, and the geochemical data 
comes from only one unit (with single samples from 2 other units). While it would have been ideal to have 
obtained geochemical and magnetic susceptibility data from every profile from all 48 units, this was not 
feasible under the scope o f this project. It is assumed that the magnetic susceptibility and geochemical data 
used in this study to make interpretations and conclusions are representative o f  the magnetic susceptibility 
and geochemistry o f  the entire site.
The climate and paleoecological data used in this study comes from sites less than 30 miles away 
to ones halfway around the world. The resolution o f these data is temporally low when compared to the 
high resolution o f the archaeological record at the Mead Site, but it is assumed that they are representative 
and can be utilized for interpretation at the Mead Site.
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3 Methods and Procedures
3.1 Field Work
Fieldwork for this project took place from May 18th 2009 to June 20*2009, when the site was 
excavated during the University o f Alaska Fairbanks (UAF) Archaeological Field School under the 
direction o f Dr. B. A. Potter and Dr. C. E. Holmes. All units were excavated down to the lower bedded 
sands or bedrock levels. Additional fieldwork was conducted in September when the author returned to the 
site to collect more samples and draw unit profiles. Soil analysis was conducted at the University o f Alaska 
Fairbanks Department o f  Geology and Geophysics Labs, under the supervision o f Dr. Ken Severin 
(Director- Advanced Instrumentation Laboratory (AIL)), and at the Department o f  Anthropology’s 
Archaeological lab, under the supervision o f Dr. Ben Potter during 2009 and 2010.
The spatial location o f all samples collected was recorded and all in situ soil samples were 
photographed in place for later spatial correlation and control. All test unit faces sampled were 
photographed pre and post sampling. In addition to daily notes, detailed site wide data and observations 
were collected and analyzed.
A lx l  meter arbitrary grid pattern was applied at the site and 2 datum’s were established, one on 
the East Lobe, and one on the West Lobe. A methodological excavation change was implemented 5 days 
into the field season when the excavators switched from digging horizontal arbitrary 5 cm levels to digging 
contoured arbitrary 5 cm levels. This change was well documented in the field notes, and was confined to 
only the uppermost 10 cmbs. All artifacts recovered in situ were three-point-provenienced and documented. 
All artifacts recovered in situ were given a field specimen (FS) number and bagged individually. All 
sediments were sifted through 8” mesh screen, and all artifacts and ecofacts recovered from the screens 
were recorded and bagged according to provenience and material type.
A total o f 52 units were excavated during the field school from the east and West Lobes. Number 
designations were applied to sampled profiles by the author (Fig.3.1). Over 3,000 artifacts were recovered 
and four features were excavated. Features 1 and 2 are flake scatters, while Features 3 and 4 are hearths. 
Feature 3 contains flakes, small bone fragments, and scattered charcoal while Feature 4 contains flakes, 
small bone fragments, and a large amount o f charcoal. Both features 1 and 4 are located at the West section 
o f the site. Features 2 and 3 were all located at the East section o f the site. Geochemical data was obtained 
from the hearth matrix from Feature 4, but no geochemical analysis was conducted on soils associated with 
Features 1, 2, or 3.
3.2 Stratigraphy
Master horizon designations are described following Schaetzl and Anderson (2005). Subdivisions 
o f master horizons are denoted with number and arbitrary letter designations; these should not be confused 
with defined suffixes for master soil horizons (i.e. Oa or Bh). All corresponding unit designations (noted in
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parenthesis) are from Dilley (1998). Two different parent material types are evident at the site (Figure 3.2). 
The lower stratigraphic levels formed in Pleistocene age sands, and are characterized by low angle bedded 
laminations and numerous krotovinas. The other parent material which composes the majority o f the 
sediments at the site is loess.
Figure 3.1 Profiles o f Excavation Blocks and Profiles Sampled
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The loess can be further divided into the lower and upper loess. The lower loess is characterized 
by a slightly finer grain size than the Upper loess and paleosols development, while the Upper loess 
exhibits massive bedding and no paleosols development. In some o f the units excavated a thin sand layer 
was evident at the contact between the upper and the lower loess. The acidity o f the soils at the Mead Site 
decrease with depth; the modem forest soil exhibits acidic pH, while the lower loess is neutral to alkaline in 
nature (Dilley 1998).
Site stratigraphy begins on the R horizon (Unit 1) Birch Creek Schist, felsic gneiss o f  Yukon- 
Tanana Crystalline technostratigraphic terrane (Dilley 1998). Few units were excavated to this stratigraphic 
level. It is composed o f frost-shattered angular bedrock that grades from small pebbles intermixed with 
sand, to large boulders, to solid bedrock. At the upper contact o f this layer are pedogenic carbonate laminae 
and coatings that are generally less than 1mm in thickness.
The C5 horizon (Unit 2) is composed o f light gray coarse sand with interbedded and laminated 
fine sand to fine silty sand. The laminations range from several centimeters to 10cm thick, and have a low 
bedding angle. Calcium carbonate root casts are found throughout, as are coarse sand krotovinas, and 
quartz ventifacts. These ventifacts are found at the abrupt, irregular contact with the R horizon. No cultural 
material was recovered from this layer. Most units were excavated down to the top o f the C5 horizon.
The C4 horizon (Unit 3 A and 3B) is composed o f laminated silt and sand that range in color and 
hue from dark yellow brown (7.5YR 3/2) to light gray (5YR 5/2). Thought to have been a sterile layer as at 
Broken Mammoth and Swan Point, the discovery o f  a large mammal long bone fragment exhibiting cut 
marks that was excavated from the East Lobe may be associated with this layer.
The C3 horizon (Unit 4) is composed o f 10YR 4/6 (dark yellowish brown) sand, and is believed to 
be an expression o f the Younger Dryas cooling event. The C3 horizon is discontinuous across the site and 
is not well expressed in many o f the excavated units; it is found within the lower loess.
The lower loess, C2 (Unit 3/4 and 4), ranges in color from a yellowish brown to a brown silt and 
contains the paleosols complexes. The C2 horizon was further divided into the C2b and C2a horizons in 
some units at the site due to diagenic alterations. However, as C2a and C2b have very similar texture and 
very similar color, in some excavated units no distinction was made between these two horizons.
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Unexcavated 
Weathered Bedrock
Figure 3.2 G eneralized Profile with Lithostratigraphy and Soil Stratigraphy
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The C2b horizon (Unit 3/ 4) is a 10YR S/4-5/3 (yellowish brown to brown) silt containing the 
lower paleosol complexes and common iron oxide mottles. Calcium carbonate nodules and laminations 
were observed throughout. The paleosols found here range from discontinuous undulating bands 1 cm in 
diameter to thicker lens-like occurrences several centimeters in thickness. Small charcoal pieces, as well as 
charcoal flecking, were observed in all o f the paleosol complexes. Depending upon the degree of 
expression, two (an Upper and a Lower) or three (Upper, Middle and Lower) complexes were noted as 
being present by excavators. When only two complexes are noted, the Middle Complex has been grouped 
with the Upper complex and is its lower bound. The C2b grades into the C2a in a faint ephemeral transition 
that was not evident in all units excavated.
The C2a Horizon (Unit 4) is a 1OYR 5/4 (yellowish brown) fine silt with rare iron oxide mottles 
and calcium carbonate nodules/ laminations throughout. In some profiles at the site a thin sand lens was 
observed within the C2a horizon. This sand lens is composed o f a 10YR 5/1 very fine sand and is generally 
2 to 15 cm thick.
Cl (Unit 4) is composed o f a 10YR 4/6 (dark yellowish brown) fine silty sand. It is found in sub­
position to the B horizons; although in some units it was observed as “pockets” between layers o f B. Roots 
are rare to common, charcoal is rare. Rare to no small rocks and pebbles were observed. Cultural Material 
was recovered from this layer.
The B3 horizon (Unit 4) is composed o f a 7.5YR 3/4 (dark brown) thin, compact clay band 
(lamella) that is discontinuous across the site. The general orientation o f the lamella is parallel to the 
modem surface, and to most stratigraphic horizons, although in some units it was observed following 
disturbed sediment interfaces as well. The lamella is undulating and will sometimes fork into multiple 
bands that will pinch o ff or merge together again. Average thickness when well expressed is 1-2 mm. 
Expression across the site is poor, with the East Lobe exhibiting thicker bands. The lamella both crosscut 
and follows the stratigraphic horizons at the site.
The B2 horizon (Unit 4) is a 7.5YR 4/4 (brown) fine silt with common frequent roots and 
charcoal. Rare to no small rocks and pebbles were observed in this stratigraphic layer. Disturbances to the 
B2 horizon are due to cryoturbation and bioturbation from root and rodent runs, as well as swallow nests. 
Cultural material was recovered from this layer.
The B1 horizon is similar to the B2 horizon in texture and is composed o f a 10YR 4/4 (dark 
yellowish brown) fine silt. This is a mineral horizon with rare to no small rocks and pebbles. Roots and 
charcoal are very common, disturbances include bioturbation and cryoturbation. Cultural material was 
recovered from this layer. In many o f the excavated units no distinction was made between the B 1 and B2 
horizons; for clarity they are grouped together in most instances simply as the B horizon.
A thin E horizon was noted in some excavated units, although this horizon is poorly expressed 
across the site and not well developed. This E horizon is light gray brown silty loam. Above the E horizon
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(when present) is the A horizon. The A horizon is a 10YR3/3-3/4 (dark brown) fine loamy silt mineral soil. 
Rare to no rocks and pebbles were observed in this stratigraphic layer. Roots are common throughout. 
Disturbances include bioturbation from root-runs and cryoturbation.
The O horizon is a 10YR 4/2 to 2/2 (light gray brown to dark brown) fine loam with a thin layer of 
spruce needle litter and organic material in various stages o f  decomposition. Historic and prehistoric 
artifacts were found in this horizon. In many o f the units the O and A horizons were grouped together and 
excavated as a single stratigraphic unit; the O/A horizon. Because o f this, for the majority o f the analysis 
conducted in this study the O/A horizon is the designation used (unless otherwise noted).
The bluff face on which many o f the excavated units are located is riddled with swallow nests and 
tunnels. Because o f this, the provenience o f rodent and bird bones located from units abutting the bluff is 
questionable unless recovered with artifacts. Microfaulting is also evident in both the bluff face and the 
excavated profile walls.
3.3 Micromorphology
3.3.1 Procedure
In situ soil samples were collected from 3 profiles (Table 3.1). These samples varied in size from 7 
x 4 x 5  cm to 1 0 x 1 5 x 8  cm. The outline o f each block was scored in the loess, and then carefully carved 
out (Figure 3.3). The loess was sufficiently cohesive so that each sample could then be removed with only 
the aid o f a trowel. Each sample was wrapped in tissue and secured with plastic and tape. Orientation and 
location were recorded, and samples were carefully packaged for transport to Fairbanks. The basal sand 
layers were not collected for micromorphological analysis due to the difficulty in collecting intact samples.
Upon arrival to Fairbanks, micromorphological samples were placed in the archaeology lab where 
they were then allowed to air dry for a period o f 4 months to remove all water prior to impregnation with 
resin. Acetone replacement, which allows for the expedient removal o f  water from micromorphological 
samples, was not utilized as it can produce unwanted artifacts in the final thin sections (Courty, et al. 1989; 
Murphy 1986). Samples were partially unwrapped and placed in aluminum trays.
Table 3.1-Micromorphological Sample Information
M icrom orp holog ica l S am p le  L ocation In form ation
S am p le  # B lock P rofile North East T hickness Depth (cm bd) N otes
Sam ple
N um b er
Lab N um ber
1 W -34 N orth 472 486 .6-486.7 11 154-128.5 YD sand, several well developed PS N/A N/A
2 W -34 N orth 472 486.77-486.83 5 130-119 PS in upper east com er, C2b
2.1 YTD-001
2.2 YTD -002
3 W-34 N orth 472 486 .88-486.95 6 122-110 C2b, PS in middle o f  sample
3.1 YTD -003
3.2 Y TD -004
4 W -34 N orth 472 486 .75-486.82 8-4 112-96 C ontains PS stringers
4.1 YTD -005
4.1 Y TD -006
5 W -34 N orth 472 486 .32-486.39 7-5 98-83 C2b and C2a
5.1 Y TD -007
5.2 Y TD -008
6 W -34 N orth 472 486.17-486.25 5-8 25-68 C2a and sand lens in top N/A N/A
7 W-34 N orth 472 487 .09-487 .17 5-7 73-55 C2a, sand, contact with C l,  red m ottles
7.1 Y TD -009
7.2 Y TD -010
7.3 YTD-011
S W -34 N orth 472 486 .72-486.8 4-9 54-38 C l/B N/A N/A
9 W -34 N orth 472 487 .72-487.8 8-10 32-26 B with C l in middle N/A N/A
10 E-46 W est 496.5- 496.6 506 6-8 134-115 C ontains PS stringers N/A N/A
12 E-52 N orth 500 509.42-509.44 4-5 54-47 D epth is from  overburden, contains B3 lamellae 12.1 YTD -012
Figure 3 3 Thin Section Locations- Red outlined blocks were analyzed
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Impregnation procedures and recipe followed Courty, et al. (1989) and Murphy (1986). The 
impregnating mixture used was composed o f unsaturated vinylester resin that was thinned with styrene 
(vinyl benzene) and catalyzed with methyl ethyl ketone peroxide (MEKP). A very small amount o f  MEKP 
was used which resulted in both a long curing time and minimal shrinkage o f  the samples. Two parts 
unsaturated vinyl polyester resin were combined with 1 part Styrene and 0.007 parts MEKP and then 
manually mixed by hand for 10 minutes before being carefully poured into the aluminum trays. Samples 
were then placed in a vacuum chamber for 4-8 hours to ensure complete impregnation. After evacuation, 
samples were “topped o f f ’ with the remaining impregnation mixture before being placed in a fume hood to 
air dry for two months. At the end o f this period, samples were partially cured by placing each sample in a 
vacuum oven at 40-50°C for 3 to 7 days. Samples were then placed under ultra-violet light to complete the 
curing process.
Due to the swelling o f clays and subsequent distortion o f the microfabric that can occur when 
exposed to water, samples were sent to Spectrum Petrography, a professional petrography lab in Oregon, 
for sectioning as all methods for sectioning at UAF involve exposure to water. Proper sectioning o f soil 
samples such as these requires a kerosene or paraffin lubricated system. O f the 11 blocks collected, 6 were 
cut into thin sections and utilized for micromorphological analysis. Samples were prepared so that analysis 
under plain, polarized, and reflective light was possible. No coloring or other additives were placed on the 
slides. No cover slips were placed on the samples so that analysis such as x-ray microanalysis or scanning 
electron microscopy can be conducted in the future. Samples were bonded to glass slides measuring 51 x 
75 mm and ground to a thickness o f 30 pm (0.03 mm).
A high resolution scan o f each slide was made prior to microscopic descriptions Samples were 
examined at the UAF geology department. Each sample was examined under plain polarized (PPL), cross 
polarized (XPL), and reflected light (RL). Continuous photomicrographs under both PPL and XPL were 
taken for each slide. Additional photomicrographs were taken o f pedofeatures. A X retardation plate 
(gypsum compensator) was utilized to help determine the orientation o f clay particles on each slide. Thin 
sections were examined and microstructure, pedofeatures, organic remains, soil size, distributions, and 
mineral components were recorded.
Reflected light was utilized to distinguish iron-oxide mineral grains from organics, as both appear 
opaque under transmitted light. Reflected light also allows for qualitative measurements o f the amount and 
degree o f weathering o f  mineral grains. Reflected light analysis also allowed for a more accurate 
representation o f the surface area o f  the iron-oxide mineral grains than transmitted light (due to the Holmes 
effect).
Images o f features observed in transmitted light have a projected size that is dependent upon the 
thickness o f the thin section, as the light passes through the slide to reach the observers eye. Images o f  
features observed in reflected light on the other hand have a projected size that is dependent on one plane
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(the surface o f the slide) as the light does not pass through the slide but bounces o ff o f  it to reach the 
observers eye. Because o f this, fine pores always appear larger in reflected light than in transmitted light, 
and opaque features always appear larger in transmitted light than in reflected light; this is the Holmes 
effect (Holmes 1927).
3.3.2 Description
Slides were examined and the microstructure, basic mineral components, basic organic 
components, groundmass, and pedofeatures were described. The description o f the slides follows Stoops 
(2003), Bullock et al. (1985), Stoops et al (2010) and Courty et al. (1989).
3.3.2.1 Microstructure
Soil microstructure is the relationship o f the solid constituents o f  the soil in relationship to pore 
space. Microstructure was determined through the analysis o f  the size, frequency, shape, sorting, and 
abundance o f  voids and primary particles o f nonaggregated and aggregated (ped) material (Stoops 2003).
Peds were described in terms o f type (granule, block, plate or prism), size, accommodation (the 
measure o f the degree that the faces o f  a ped exhibit similar shapes and are described as, accommodated, 
partially accommodated, unaccommodated), degree o f  ped separation (weak, moderate, high), roughness, 
and pattern (clustered, banded, and random). Voids were described based on their morphology and classed 
as plane (flat voids), vugh (irregular, equidimensional voids that do not connect to other voids o f a similar 
size), chamber (smooth-walled voids connected by channels), channel (tube shaped smooth walled voids 
with an arched cross section) or packing voids (forms the textural porosity o f  the soil).
3.3.2.2 Groundmass
Groundmass describes the base material o f each thin section and encompasses the packing voids 
and fine and coarse material o f  the soil including, the mineral constituents, organic constituents, plant 
residues, and organic matter alternation; it does not include pedofeatures. Groundmass was described in 
terms o f the coarse material composition and its fabric, and the fme material (or micromass) and its fabric. 
The coarse material was described in terms o f its composition, size, and shape. Groundmass is expressed in 
terms of, the coarse/fine (c/f) related distribution (which is the relationship o f smaller fabric units and pore 
space to the individual fabric units).
The particles that compose the micromass are too small to be individually examined under the 
microscope, and so the micromass was described in terms o f its color, limpidity (transparency), and type o f  
birefringence fabric (b-fabric). B-fabric is the description o f the orientation and pattern o f interference 
colors from clay aggregates when viewed under cross polarized light (Stoops 2003).
The organic constituents o f each thin section were described according to their morphology, relief, 
color, and alteration. Plant residues were described as either organ residues (5 or more interconnected cells
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o f a single tissue type which may display the original structure o f  the organ), tissue residues (5 or more 
interconnected cells that do not display the original organ structure), or organic fine material (cell and cell 
residues, punctuations, organic pigment and amorphous organic fine material).
Root decomposition was classed following Blazejewski et al., (2005). Class 0 roots show no 
decomposition and the inner portion and sheath o f the root are complete. Class 1 roots display sheathes and 
inner portions that are not complete, Class 2 roots are characterized by the presence o f  tissue fragments that 
are still identifiable and where the organics from the root have moved into the surrounding soil. Class 3 
roots have no discemable tissue but the shape o f  the root is still visible, while Class 4 roots have no 
discemable tissue remains and the original shape o f the root is ephemeral.
3.3.2.3 Pedofeatures
Pedofeatures are fabric units that are distinct from the surrounding material and which can be 
distinguished through their organic matter content, chemistry, grain size or some other change in internal 
concentration (Stoops 2003). Pedofeatures were classified based both on their morphology and origin o f  
formation. Based on their origin o f formation, pedofeatures were subdivided into two groups, matrix 
pedofeatures (which form from changes in the groundmass) and intrusive pedofeatures (which form 
external to the groundmass). Matrix pedofeatures were then further subdivided into impregnative (exhibit 
increases in certain constituents), depletion (exhibit decreases in certain constituents), or fabric 
pedofeatures (exhibit fabric which is different from that o f  the groundmass).
Matrix and intrusive pedofeatures were also classified by their morphology (including their related 
distribution pattern and crystallinity) based on their relationship to; voids, the surface o f  voids, the surface 
o f aggregates, the surface o f  grains, or their lack o f relationship to void or surfaces. Pedofeatures were 
grouped according to their composition (clay features, calcite features, etc) rather than their morphological 
type.
3.4 Environmental Magnetism
Environmental Magnetism samples were collected in 8cm3 plastic cubes that are designed for 
magnetic sample collection and measurement. The sampling strategy employed accounts for the variation 
in stratigraphy found across the site as well as the distribution o f field observed artifact concentrations and 
features. Samples were collected continuously from nine profiles across the site (Figure 3.4). To obtain a 
complete profile, samples were collected from the basal sands as well as the overlying loess. Each profile 
face was prepared for sampling by cleaning with a plastic spatula to insure no metal fragments from 
excavation equipment would contaminate the samples. Cubes were labeled and then inserted into the 
profile face with a soft-blow hammer, where they were mapped and photographed before removal (Figure 
3.5). After extraction the boxes were capped and allowed to air dry for 5 months. No treatment o f  these 
samples was conducted other than the removal o f macroscopic organic material.
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Figure 3.4 Location o f magnetic susceptibility samples and numbered profiles
Figure 3.5 Magnetic susceptibility samples prior to removal from Profile #9
Sam ples were m easured for room tem perature volum e m agnetic susceptibility ( k ) .  M ass m agnetic 
susceptibility (x) and frequency dependence (Xfd) were calculated from  these m easurem ents. Low (1%) (0.47 
kHz) and H igh (Khlfi)  (4.7 kHz) frequency magnetic susceptibility w ere m easured using a Bartington M S2 
susceptibility system at the Paleom agnetism  Laboratory, UAF. k is a m easurem ent o f  how  easily each
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sample was magnetized when it was exposed to a magnetic field, and its susceptibility is the ratio o f  
induced magnetization (M) to the applied field strength (H),
0)
Both Mand H  are measured in A/m (SI units) and because o f this, k is dimensionless. Because k is 
influenced by both volume and mass, mass specific susceptibility was also calculated which takes into 
account the bulk density o f  each sample. To obtain the mass susceptibility k  is divided by the sample’s 
density (p),
*  =  p (2)
K|f measurements were recorded first for all samples, and then all Khif, measurements were 
recorded. All measurements collected were recorded in g/cc and converted to m3/kg (SI units). Before and 
after each sample was measured a measurement was taken (the “air” readings) o f the empty sample 
chamber to account for instrumental drift. When drift exceeded 1.2 on the second air reading, the meter was 
zeroed. Value corrections were made following Dearing (1999) using the formula:
i K f i r s t  a ir +Ksecond air)  
2 (3)Kcorrected ~  sample
The bulk ferromagnetic mineral composition as well as the ferromagnetic mineral grain size was 
discerned from the low-frequency susceptibility. As susceptibility is dependent on grain size and 
concentration, higher values can be indicative o f larger grain size, higher concentrations o f  magnetic 
materials, or both.
Frequency-dependent susceptibility was calculated in percentage using the formula:
Xf d% = ( ^ ~ )  x  1 0 0  ( 4 )
The frequency-dependence percentage (xrd%) indicates the presence and level o f  
superparamagnetic (SP) minerals grains in samples, and is an indication o f pedogenesis with higher values 
indication translocation and transformations due to pedogenesis (Evans and Heller 2003). SP grains are 
very small (<40pm) and occur within the very-fine clay fraction. The frequency-dependence measurements 
can be used in a semi-quantitative manner to infer SP concentration through the soil profile. A Xfd% o f less 
than 2.0 indicates that there are less than 10% SP grains in the sample, Xfd% between 2 and 10 indicates 
that there is a mixture o f both SP and non-SP grains, %a%  between 10 andl4 indicates 75% o f the sample 
are SP grains. Percentages greater than 14% are rare and are the result o f investigator error, contamination, 
a poor sample, or anisotropy (Dearing 1999). Generally B and Bt horizons have increased frequency 
dependence, although this parameter is known to exhibit a large degree o f  variability (Evans and Heller
2003).
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3.5 Bulk Density
Bulk density samples were collected from four profiles across the site (Figure 3.6). A sample was 
taken from each stratigraphic layer that was sufficiently thick enough to allow for complete insertion o f the 
container without sampling o f the other bounding layers. Samples were transferred to plastic bags, 
weighed, and left to air dry for 4 months after which they were reweighed. Additional bulk density 
calculations were computed for all magnetic susceptibility samples acquired. Bulk density values were 
determined following Blake and Hartge (1986).
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1-14 1 4 E-44 South Wall
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Figure 3.6 Bulk density sample location and numbered profiles
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3.6 Geochemical Analysis:
Bulk density samples from profiles 1 and 4 and from Feature 4 were utilized for Geochemical 
analysis (Table 3.2). X-ray fluorescence (XRF) geochemical quantitative analysis was conducted on 
untreated samples. Macroscopic organic material was removed from each sample before processing. 
Samples were ground in a Mill Mixer for 5 minutes in aluminum vials. Vials were cleaned between each 
sample milling to minimize cross sample contamination. Approximately lOg o f each powdered sample was 
mixed with polyvinyl alcohol before molding into 37mm diameter pressed powdered pellets. XRF analysis 
was conducted on the PanAnalytical Axios XRF housed at the Advanced Instrumentation Laboratory 
(AIL), UAF. An established routine was utilized for this analysis (see Appendix 4 for all geochemical data 
and calculations).
Calculations o f concentration and relative error were calculated after applying compton and 
interfering peak corrections. Major analytes examined were, S i0 2, A120 3> Fe20 3, CaO, MgO, Na20 , K20 ,  
T i0 2, MnO, P20 5, and minors were; Cr, Ba, Sr, F, S, Cl, V, Co, Ni, Cu, Zn, As, Rb, Pb, W, Sn, and Sb. As 
the atomic number o f oxygen is too small to be analyzed with XRF, all O values are theoretical.
Table 3.2 Thin section sample location and association
Sample Strat Block North East cmbd Notes
BD-15 A W34 472 486.6 16
BD-16 B1 W34 472 486.61 26
BD-17 B2 W34 472 486.62 36
B3 B2 &B3 W 19 467.55 484.45 30
BD-18 Cl W 34 472 486.64 49
BD-2 Cl E44 496 503.56 44
Between B, CZlb 
scatter
BD-19 C2a W34 472 486.26 58
BD-20 C2a W34 472 486.43 67
BD-21 C2a W34 472 486.62 82
BD-22 C2b W34 472 486.67 100
Feat.4 hearth W24 469.4 484.8 105
BD-23 C2b & PS W34 472 486.4 113
BD-24 C2b & PS W34 472 486.35 118
BD-25 C2b & PS W34 472 486.41 125
PSE44 Ps E44 496.75 503.25 127
BD-26 C2b W34 472 486.32 131
BD-27 PS W34 472 486.41 138 well developed
BD-28 Sand W34 472 486.31 143 YD?
BD-29 Fine Sand W34 472 486.37 148
BD-30 Fine Sand W34 472 486.39 157 Krotovinia
BD-31 Coarse San W34 472 486.37 166
BD-32 Fine Sand W34 472 486.39 176
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Multiple calculations were used in this study to assess the chemical variation o f the soil at the 
Mead Site. First the variation in the molecular ratios o f oxides between the different soil horizons was 
examined. Second, the net gains or losses o f  elements between the soil horizons were examined. Finally, 
gains and losses o f  analytes were calculated using concentration ratios o f each oxide relative to the 
immobile constituent Zircon (Zr). Both molecular and concentration ratios were calculated following 
Feakes and Retallack (1988). These calculations are standard computations in paleosols research (see 
Driese and Foreman 1992; Fitzpatrick 1993; Kahmann and Driese 2008; McCarthy 2002; McCarthy, et al. 
1999; McCarthy and Plint 2003).
3.6.1 Molecular Ratios
Molecular ratios are calculated by dividing the weight percent o f an oxide by its molecular weight, 
and then dividing that number to another oxides value using the same formula:
Wt%, ■ Wt%j
M W  i M W  j  *• '
The molecular ratios of; Ba/Sr, Al/Si, Si/ Fe+Al, K+Na/Al, Na/K and Na/Al were calculated. Each 
of these ratios can be interpreted as resulting for a distinct chemical process, and can be used as indices o f  
weathering.
Al/Si is used to determine clayeyeness by hydrolysis, as Al accumulates when clay minerals form 
and can be used to strengthen designations o f  Bt horizons (Hamer, et al. 2007; Ruxton 1968; Sheldon 
2005). K+Na/Al is used to determine salinization and can be used as an indicator o f aridity (Retallack 
1991; Sheldon, et al. 2002). Because Na and K behave differently during pedogenesis, determinations o f  
salinization and aridity should be accompanied by other indications o f aridity such as evaporative minerals 
and pedogenic carbonate nodules. Na/Al is used to determine pedogenesis, as base elements are depleted 
relative to Al during pedogenic processes (Sheldon and Tabor 2009).
The trace element ratio o f Ba/Sr is used to help determine leaching due to weathering, with lower 
ratios indicating less leaching, and higher ratios indicating more leaching (Retallack 1991; Sheldon 2006). 
Sr is more soluble in water than Ba, and so is more easily leached, and so illuvial horizons should have 
higher ratios of Ba/Sr than elluvial horizons (Sheldon and Tabor 2009; Vinogradov 1959).
The Chemical Index o f Alteration (CIA) was calculated following Nesbitt and Young (1982) using 
the formula:
CIA =  [----------- — ---------- -1 x  100 (6)LG4f203+Ca0+iVa20+K20)J
In addition to calculating the CIA, an additional weathering index was calculated that accounts for 
Mg-bearing minerals not examined in the CIA. The calculation the Mg (CIA) follows, Colman (1982), 
Retallack (2001), and Sheldon and Tabor (2009); the formula used was:
£  Bases _  (C a+K +M g+N a )
Al  _  M  ^ '
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3.6.2 Concentration Ratios
Concentration ratios (CR) were calculated using the formula:
CR = f e ) ( t )  <8)
In this equation, M is the concentration o f the oxide being examined in the parent material (p), and 
the soil horizon (w) and Zr is the immobile inert constituent. Sample BD26 was used as the parent material 
for all samples as it was stratigraphically lowest pure loess sample in the profile. Concentration ratios o f  <1 
indicate relative losses in oxides while ratios o f >1 indicate gains (Feakes and Retallack 1988).
3.6.3 Strain
The third approach to understanding the chemical variation o f  the soil at the Mead Site is a mass 
balance approach that looks at the volumetric changes (or “strain”). This approach measures the losses and 
gains o f soil constituents due to pedogenesis. Strain (e) was calculated following Sheldon and Tabor (2009) 
and Chadwick et al. (1990) using the formula:
Where P is the bulk density o f the parent material and Q is the concentration o f the element 
(expressed in wt %). Strain is referred to in terms o f dilation (increase in volume o f a soil) or collapse 
(decrease in volume o f a soil) (Schaetzl and Anderson 2005). Collapse is indicative o f elluviation while 
dilation is an indicator o f  illuviation (Schaetzl and Anderson 2005).
3.7 Spatial Analysis
The spatial analysis conducted for this study is in no way exhaustive. Analysis was conducted to 
determine the location o f  cultural zones and feature/activity areas from the 2009 excavation. Vertical back 
plots o f artifacts and ecofacts recovered in situ were created for spatial analysis. Designated Cultural Zones 
(CZ) at the Mead Site have been established through the published literature (see Dilley 1998; Holmes 
2001; Holmes 2008), and are used here. These zones are used to distinguish changes in cultural remains 
and are not necessarily indicative o f individual occupations or cultures. They are used loosely as a means o f  
tracking possible feature and activity areas.
Additional spatial analysis was conducted using Surfer ™ software. In situ artifacts were classed 
by 5 cm arbitrary excavation levels, and successive maps were produced to show the distribution and 
change in artifact and faunal remains location with depth. Visual qualitative analysis was then used to 
create a table showing the general trends o f the in situ data for each excavation block and area. SPSS 
statistical software was used to find the number o f each artifact type and bone for each 5 cm level in each 
excavated unit. Screened remains were classed by 5cm arbitrary excavation level and grid isopleth maps
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were created with the Kriging method to illustrate changes in distribution and frequency o f remains with 
depth.
All lithic material was weighed and classed by size. Each size class was measured by 5 mm class 
intervals; where SC2=5-10 mm, SC3= 10-15 mm, etc. SCI was used to class lithics smaller than 5 mm, and 
SC 17 was used to class lithics larger than 70 mm. SPSS analysis was then used to find the mean size class 
and weight o f  lithic material for each 5 cm arbitrary level to see if  there are patterns o f  distribution that may 
indicate post-depositional disturbance.
Orientation o f lithic and faunal materials was not systematically recorded during the 2009 
excavation and so no in depth analysis o f  orientation is conducted here. This information should be 
recorded in the future as it will help determine post-depositional disturbance. All artifact concentrations 
were photographed in situ and the majority o f the material found in the lower CZ’s were found in 
horizontal or near horizontal positions, while much o f the upper CZ material was found in vertical position. 
Additional spatial analysis that could be conducted in the future which would add in the interpretation o f  
the Mead Site includes detailed faunal and lithic analysis, refitting, and raw material type frequency and 
distribution.
3.8 Loess Accumulation Rates
Accumulation rates were calculated following Stein et al. (2003) using the formula:
Total Accumulation Rate =  ^  --dl  ^x  100 (10)( a z - a j)  v 7
where d2 is the depth o f the stratigraphically upper sample, di is the depth o f the stratigraphically lower 
sample, a2 is the age o f the upper sample, and ai is the age o f the lower sample. It is assumed that the 
deposition rate between samples is constant.
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4 Results
4.1 Micromorphology
This section outlines the general micromorphological characteristics seen throughout the soil 
profile and details important features as they relate to disturbance, weathering, and climate. Detailed 
micromorphological descriptions o f  each slide are reported in Appendix 1, and the scan o f each slide is 
shown in Figure 4.1 (refer to Table 3.1 for sample descriptions and location information). While 
micromorphology can be used to distinguish anthropogenic features from natural ones, the limited number 
o f samples used in this study does not allow for this analysis as no thin sections were created o f feature 
areas.
With the exception o f Sample 12, all o f the thin sections display a compact grain microstructure 
with weak separation which in areas has a platy overprint (Figure 4.2 and Figure 4.4); occasionally a platy 
microstructure was observed (see Table 4.1 for generalized descriptions o f  each slide). The overall 
coarse/fine related distribution pattern (c/f RDP) is o f single spaced to close porphyric and is poorly sorted 
with a random (occasionally banded) distribution pattern. When a banded distribution pattern was observed 
it was in isolated areas which exhibited higher ratios o f  fine organic matter and clay content than the 
surrounding microstructure. Voids are common and consist o f complex packing as well as planar, regular 
vughes, and channel voids (Figure 4.3)
The microstructure o f the loess is unoriented subangular to angular mica and quartz. Few feldspar 
minerals were observed overall with the most abundant feldspar mineral being plagioclase. The micromass 
o f the loess has a stipple-speckled birefringence fabric (b-fabric) which is the result o f  the randomly 
oriented clay and silt particles. Calcium carbonate loose infillings are evident in the lower loess sections 
(Figure 4.2), while the upper loess displays fewer calcium carbonate loose infillings. Slides 4.2 and 5.2 
exhibited needle fiber calcite as well. No clay laminations were observed in any thin section. Oblique 
arrangement o f coarse grains was observed in some slides.
The platy microstructure observed results from repeated cycles o f freeze/thaw and is the result o f  
ice lensing. These ice lenses can be either micro or macroscopic occur when a series o f  ice fronts separate 
the fine particles from the coarser ones which results in banding (Dement 1962). Sample 12.1 (Figure 4.1) 
displays a lenticular platy to subangular blocky microstructure which is the result o f  advanced ice lensing.
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Figure 4.1 Scans o f  thin sections, slides are oriented so notch is “up” indicating the original surface
orientation
Table 4.1 Micromorphological descriptions o f  thin sections
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Figure 4.2 Thin Section Micrographs 
a. Slide 2.1 (6.3x,plane polarized light (ppl), 1.8x 1.4mm)-Calcium carbonate infillings (cc) and root 
decomposition (class 2) b. Same as “a” in cross polarized light (xpl), c. Slide 5.1 (16x, ppl, 720x520p) 
tissue fragment, and d. Slide 2.1 (5x, reflected light (rl), 2.3x1.8mm) bone (b), magnetite (m) and vughes
(v).
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Figure 4.3 Thin Section Micrographs 
a. Slide2.1 (2.5x, ppl, 4.5x3.5mm) Granular microstructure with platy overprint, b. Slide 5.1 (2.5x, ppl, 
4.5x3.5mm) Root (class 0), c Slide 12.1 (2.5x, ppl, 4.5x3.5mm) Subangular Blocky to Lenticular 
microstructure o f  clay lamella, and d. Slide 4.2 (2 5x, ppl, 4.5x3.5mm) Passage feature (p).
Figure 4.4 Thin Section Micrographs 
a. Slide 7.2 (2.5x, ppl, 8x3mm) Transition from platy(p) to granular (g) microstructure, shows sand lens 
(si), b. Slide 7.2 (2.5x, ppl, 4.5x3.5mm), Iron oxide hypocoating (h), and loose continuous infilling o f
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All thin sections contained organic matter in varying amounts and degrees o f decomposition. 
Organic concentrations, plant residues, excrements, organans (pedogenically derived organic coatings) and 
charcoal fragments were all observed. The majority o f organic matter was well preserved and is 
representative o f  boreal forest vegetation (all samples examined are from above the lower paleosol 
complex).
Plant decomposition is a pedogenic processes that is the organic equivalent o f  mineral weathering 
(Buol, et al. 1997) and which results from both microbial activity and wetting/drying and/or freeze/thaw 
activities. Decomposition results in the formation o f  fine organic matter which appears in thin sections as 
dark staining which was observed in all thin sections. Most o f  the slides showed roots in various states o f  
decomposition, with most exhibiting class 0 (no decomposition) to class 4 (no discemable tissue remains). 
Iron-oxide grains were observed in all thin sections. Reflected light was used to distinguish mineral from 
organic grains (which both appear opaque under transmitted light). Magnetite (Figure 4.2) was the most 
commonly observed mineral grain and evidence o f weathering ranged from fresh to highly weathered, with 
most slides showing some evidence o f  weathering.
The micromorphological analysis shows that all samples examined have undergone some degree 
o f pedogenesis and weathering. As is expected, the soils closest to the modem soil surface have undergone 
the greatest amount of pedogenic alteration (especially in the B horizons).The micromorphology o f the B 
horizons shows pedofeatures typical o f soils affected by cryoturbation and bioturbation as do the 
underlying C horizons to lesser extents. Passage features are found throughout the soil profile, with the 
exception o f slides 4.1, 4.2, 5.1 and 5.2. Voids were expressed mainly as vughs, planes, and channels. 
Passage features (Figure 4.2) are infillings that have the same composition as the surrounding groundmass, 
but exhibit crescentric internal fabric the boundaries which are indistinct. The loose infillings observed 
generally consists o f  soil biota excrement (Figure 4.4).
The micromorphology indicates that the C2 loess has undergone weak pedogenic alteration and 
soil formation through time, but that these changes never outpaced loess deposition. The picture that 
emerges from the thin section analysis in the lower loess is o f  inceptisol type soils that were never buried 
quickly enough to remove them from the soil formation processes, and which were never established 
enough to develop any soil horizonation resulting in a weakly welded soil.
The paleosol stringers are thin Awb horizons which do not exhibit any other horizonation; no 
accompanying Bb horizons were observed in thin section or in the field in relation to these Awb horizons. 
The paleosols also appear to have been affected by diagenic alteration resulting in their platy 
microstructure; in all slides examined, areas that had more fine organic matter exhibited stronger platy 
microstructure than the surrounding groundmass (Figure 4.4). This indicates that these soils underwent 
freeze/thaw processes after deposition, as well as compaction. The plane voids are also an indication o f
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these processes. The oblique arrangement o f the coarse fraction observed in several o f  the slides results 
from frost jacking, and also indicates freeze/thaw processes.
The micromorphological analysis indicates that there are no detectable buried occupational 
surfaces within the upper loess in the thin sections examined, which are assumed to be representative o f  the 
soil micromorphology for the entire site. It is highly likely that if  there were such surfaces at one time they 
have been obscured by taphonomic disturbance and so are no longer detectable. A sand lens is evident in 
slide 7.2 (Figure 4.4), but this lens is not indicative o f  an occupational surface and does not correlate with 
the location o f cultural remains found at the site.
The micromorphological analysis also indicates that weathering and soil formation has taken place 
throughout the profile to varying degrees. This weathering and post-depositional alteration indicates the 
upper loess horizons have undergone major diagenic transformations and that the cultural remains found in 
them are in secondary contexts. The lower horizons have also undergone diagenic transformations but not 
to the same extent as the upper horizons indicating that the cultural remains found in the lower horizons 
have not been disturbed to the same extent as the upper horizons.
4.2 Environmental Magnetism
Volume magnetic susceptibility (Kjf), mass magnetic susceptibility (xif) and frequency dependency 
(Xfd%) values were examined at both a site wide and profile specific scale. For the site wide comparison, 
volume magnetic susceptibility, mass magnetic susceptibility and frequency dependency values were 
grouped according to general soil stratigraphy; sand, lower loess (C2), paleosols (PS and PS/C2), upper 
loess (C l), B and O/A/E horizons. All environmental magnetism data can be found in Appendix B.
Samples from overburden or disturbed contexts were excluded from analysis. SPSS was used to generate 
descriptive statistics and a one-way analysis o f variance (ANOVA) test was applied to determine if  there 
are statistically significant differences in the mean values between each soil (Table 4.2). The data used is 
assumed to be an independent random sample from each population, from populations that are normally 
distributed, and from populations whose variances are all equal.
The null hypothesis is that the population means for each soil class are the same (that there is no 
difference in the averaged magnetic susceptibility or frequency dependency values for the soil classes). The 
alternative hypothesis is that there is a difference. The resulting ANOVA test showed statistically 
significant differences between the population means between soils groups for K)f, Xif, and Xfd%at the 0.05 
level.
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Table 4.2 ANOVA
A N O V A
K l f
Sum of Squares df Mean Square F Sig.
Between Groups 1137163.654 5 227432.731 85.351 0.000
Withing Groups 1422936.869 534 2664.676
Total 2560100.523 539
X'f
Sum of Squares df Mean Square F Sig.
Between Groups 0.852 5 0.17 74.428 0.000
Withing Groups 1.223 534 0.002
However, the Levene Statistic (Table 4.3) for each ANOVA shows that the assumption of  
homogeneity o f variance is not true, and so Brown-Forsythe and Welch options were run, along with the 
Games-Howell post-hoc test (which does not rely on homogeneity o f variance). The Welch and Brown- 
Forsythe significance values are both <0.05, so the null hypothesis can be rejected.
Table 4.3 Levene Statistic
Test of Homogeneity of Variances
k_If
Levene
Statistic df1 df2 Sig.
29.221 5 534 0
X_fd
Levene
Statistic df1 df2 Sig.
21.224 5 534 0
X J f
Levene
Statistic df1 df2 Sig.
57.703 5 534 0
The Games-Howell post-hoc test shows that there are statistically significant differences in the 
mean values o f all three data sets between soil classes, (see Appendix 2 for all magnetic susceptibility 
data). The resulting plots o f the means o f each soil class for both K|f and Xir show a similar pattern for most 
soil classes (Figure 4.5). The sand has the highest Kif and jQf, which is most likely a product o f the much 
larger particle size o f this horizon; this is supported by low Xfd% for the sand class. C2 and Cl have similar
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1% and Xif values, which are much lower than the values from the sand layer. This is due to a change in 
parent material and grain size. The paleosols (PS and PS/C2) have mean values higher than the Cl and C2 
soil classes and which are closer to the modern forest soil (B and O/A/E). This most likely indicates an 
increase in weathering or pedogenesis associated with these buried A horizons. The means o f K,f and Xif 
depart from each other in the B and O/A/E horizons. While this could indicate changes in the primary 
sedimentary density of these upper horizons, the higher organic content (equaling lower density) in the 
O/A/E soil class is most likely the cause o f  this discrepancy.
Mean K!f and Xif were plotted against mean xa% (Figure 4.6). Frequency dependence is low in the 
lower loess and sands and increases substantially at the modern surface soil, with the highest percent being 
in the modern B horizon. Both the sand and C2 horizons have Xfd% of less than 2.0, indicating there are less 
than 10% superparamagnetic (SP) grains in these horizons. On a site wide scale, the paleosols do not 
exhibit any marked increase in mean frequency dependency; however individual profiles at the site do see 
spikes o f  frequency dependency at some o f the paleosol levels, these spikes correspond to cultural remains 
and will be examined in detail below.
Figure 4.5 Mean K]f and Xif
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Figure 4.6 Mean Xif and Xfd% (left) and mean % and Xfd% (right)
At the profile specific scale, each soil horizon in each profile was grouped to fit the six soil classes 
outlined above, and volume magnetic susceptibility, mass magnetic susceptibility and frequency 
dependency values were plotted over these classes (Figure 4.7 and Figure 4.8). Spatial distributions o f  in 
situ bone and artifacts (grouped by 5cm arbitrary level) were then applied to each profile to see if the 
variations in o f  the environmental magnetism values correlated with the occurrence o f cultural remains.
The picture that emerges from this analysis is one o f variability across the site; many times the 
magnetic data has shifts that do not correlate with the generalized stratigraphy. In particular, most o f the 
profiles in the C2 horizon exhibit a sudden decrease in K,f  and Xif which is bracketed by spikes in Xm%. As 
both K]f and xif correlate with grain size, and Xfd% indicates the presence and amount o f SP mineral grains, it 
appears that there was a shift in grain size to smaller particles at these anomalies. However in some o f the 
profiles there are drops in Xfd% which correspond to drops in K|f and yif A drop in both o f these parameters 
indicates that the concentration o f magnetic material decreased, rather than grain size. This trend may be 
the transition zone between the C2a and the C2b loess (which is evidenced by an increase in iron oxide 
mottling), or it may be indicative of a change in climate. No cultural remains were recovered for the 
relative levels o f these shifts; however it is interesting to note that in the one unit where cultural material 
was recovered from this level (E46, profile 5) there is a decrease in K,f  and Xif and Xfd%- The environmental 
magnetism o f each profile is examined in detail below.
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Due to the variation noted in the field o f the lower bedded sand, little time will be devoted in these 
profile analyses to their description. Also, some o f the profiles schematics do not accurately show the 
different horizons from where the samples were collected (for example the drawing o f  profile 4 does not 
show the lowest paleosols which were recorded when the magnetic susceptibility samples were collected). 
When this is the case, the detailed information has been applied to the soil classification behind the 
magnetic data and not to the original profile drawing (as this information was only recorded for the specific 
area where the sample was taken and not the entire profile).
4.2.1 Profile 1 -W 3 4  North
Profile 1 (Figure 4.9) exhibits an enhancement in both Kif and Xif and a decrease in Xfd% at 146 cmbs 
(Sample 23). Field descriptions o f this sample note that it is a coarse sand, and may be an expression o f the 
Younger Dryas. At 120.5 cmbs (Sample 31) there is an enhancement in K|f, Xif and Xa%, this is a sample of 
C2 with high iron oxide mottling. Above the area o f iron oxide mottling the paleosols seem to correlate 
weakly with increases in %, xif, and Xfd%. Above the paleosols Kif, Xif (weakly) and Xfd% (strongly) all 
decrease at 90.5cmbs (Sample 44), but there is no stratigraphic change noted at this location. At 75.5 and 
65.5 cmbs (Samples 51 and 55) there are enhancements o f Xfd%but not o f  x if or xif in C2a that was noted as 
being sandier than the surrounding C2a. Finally, enhancement o f  K)f, Xif and Xfd% all increase substantially at 
the base o f the B horizon and the decrease at the base o f the O/A horizon but these enhancements in the 
modem forest soil do not correlate with the location o f the cultural remains.
100 300
Uo/fl/E Q b  Q c i  [ I  PS/C2 and PS | | Sand
=  Xfd%
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Figure 4.9 Profile 1 (Block W34 North Wall) Magnetic Susceptibility
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4.2.2 Profile 2- E32 North
Profile 2 (Figure 4.10) exhibits an enhancement in both Kif and Xif and a decrease in Xfd% at 114.5 
cmbs (Sample 92). The patterning and stratigraphic location o f this signal is similar to the Younger Dryas 
signal noted in other profiles; however no sand lens was noted as being present in Profile 2. This may 
indicate that the Younger Dryas signal is detectable with magnetic susceptibility when it is not detectable 
macroscopically.
The magnetic susceptibility profile shows enhancement o f  Kif, xif, and Xfd%at 95 cmbs (sample 
100). This sample was taken at the stratigraphic location o f Feature 3 (Figure 4.11) and the signal is much 
greater at the Feature 3 paleosol than at the other paleosols in this profile indicating anthropogenic 
enhancement o f  the soil.
There is a sharp increase in Xfd% above the uppermost paleosol that does not appear to correspond 
to any stratigraphic change or cultural remains. Above this, but between the C1/C2 contact there is a 
decrease in K]fand xif while Xfd% remains the same; xfd%does spike above this change. At 52 cmbs there is a 
decrease in K]f, and an increase in Xif and Xfd%- This takes place in the C l horizon where field notes describe 
a change from a sandy silt to a silt (as K|f, does not take into account sample density a change in particle 
size would be reflected in the Klf  but not necessarily the Xif measurement). In profile 2 enhancement o f Klf, 
Xif and Xfd% all increase substantially at the base o f the B horizon and then decrease at the base o f  the O/A 
horizon.
—— =  Kif '■■■ ——' x if xfd% cm
j  | Rare Cultural Remains Dense Cultural Remains K=Krotovim a
Figure 4.10 Profile 2 (Block E32 North Wall) Magnetic Susceptibility
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Figure 4.11 Feature 3
4.2.3 Profile 3- E52 West
Enhancements o f  Kif, xif, and Xfd% in the lower loess section o f Profile 3 (Figure 4.12) correspond 
well with paleosol location with one noted exception. At 124 cmbs (Sample 151) the sample is composed 
of C2 and paleosol soil, and it exhibits no enhancement or depletion o f  K]f or xif but does show depletion in 
Xfd% Above the stratigraphic location o f the paleosols there are several variations in the signal o f  Kif, x if, and 
Xfd%, none o f which correlate to any field observed changes in stratigraphy. Sample 158 (107 cmbs) exhibits 
decreases in 1% and xif while Xfd% remains fairly constant. The location o f this sample corresponds to the 
location o f two flakes that were found in situ. At 96.5 cmbs (sample 167) there is a spike in K]f and Xif and a 
slight decrease in Xfd%; this is a sample o f C2 from just below the contact with the Cl horizon (this is the 
reverse pattern as was seen in profiles 1 and 2).
Figure 4.12 Profile 3 (E52 East Wall) Magnetic Susceptibility
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4.2.4 Profile 4- E44 South
Profile 4 (Figure 4.13) exhibits enhancements in Klf, X if with no change in Xfd% at 139.5 cmbs. This 
is the location o f C2/sand that is pocketed between two paleosol stringers and may be an expression o f the 
Younger Dryas cooling event, or may be associated with the lower bedded sands. Above these lower 
paleosols is another ephemeral layer o f  sand that shows enhancement o f  K,f, and Xif, but no change in Xfd%, 
this might also be a signal o f the YD.
Above the sand is another series o f three paleosol stringers, the top two o f which exhibit magnetic 
enhancement while the lowest does not. These are all located within 10 cm o f each other and the top two 
correspond to the location o f the CZ 4.5 bone scatter found in this unit (at 105 to 115 cmbs). It appears that 
here too the paleosols are enhanced by anthropogenic activity.
The next variation in signal is in the C2 horizon at 95 cmbs (Sample 229) that does not correspond 
with any stratigraphic changes (exhibits decrease in Klf  and xif, and an increase in Xfd %)• The next variation 
in Kjf and xif (decrease) is at 80 cmbs and does not correspond with any stratigraphic change; however the 
sample directly above it (at 77.5 cmbs, sample 236) does exhibit an enhancement o f  Xfd%and corresponds to 
a zone o f increased iron oxide mottling.
Figure 4.13 Profile 4 (E44 South Wall) Magnetic Susceptibility
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A spike is evident at sample 254 at 34 cmbs which is the contact o f the C l and a pocket o f Bw. 
This is followed by a span o f fluctuation in the ms readings which corresponds with the B/Cl pocketed soil. 
Xfd% shows an overall enhancement that is typical o f  other B horizons in the profiles samples, but K|f, and 
Xif, show a decrease in signal, which appears to correspond to a decrease in the concentration o f  magnetic 
materials (as the Xfd% single indicates an increase in the SP grains). Above the B/Cl mixed zone the Klf, and 
Xif, are greatly enhanced along with Xfd%- At the contact with the O/A horizon there is a decrease in K]f, xif, 
and Xfd-
4.2.5 Profile 5- E46 South
Profile 5 (Figure 4.14) exhibits variability in its magnetism that does not correspond with the 
cultural remains in the unit from CZ 4; however profile 6 (E 46 north) has variability that does correlate 
with the CZ 4 occupation (the CZ 4 remains in E46 were in the NE section). Profile 5 exhibits 
enhancements in Klf, xif, and Xfd%at the base o f the B horizon and then decreases at the base o f the O/A 
horizon.
4.2.6 Profile 6- E46 North
For the most part the paleosols and enhancements in Klf, %if and Xfd% do not correlate in Profile 6 
(Figure 4.15), nor do changes in stratigraphy correlate with changes in magnetic susceptibility. It appears 
that the magnetic signal from both the south and north profiles o f E46 exhibits variability that cannot be 
explained by the observed horizons o f soil development or stratigraphic changes. These variations do not 
correspond with the location o f cultural remains that were recovered from E46 either. This indicates other 
variables may be affecting the magnetic signal that have not been considered thus far.
4.2.7 Profile 7- E26 West
Enhancements o f  magnetic susceptibility correlate well with paleosols in profile 7 (Figure 4.16); 
however the variations in the C2 and Cl horizons do not appear to correlate with either stratigraphic 
changes or cultural remains.
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Figure 4.14 Profile 5 (E46 South Wall) Magnetic Susceptibility
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Figure 4.16 Profile 7 (E26 West Wall) Magnetic Susceptibility
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4.2.8 Profile 8- W24 North
The largest spike in Xfd% other than those in the modem forest soil is observed in profile 8 (Figure 
4.17) at 100 cmbs. Xfd% spikes to 8.97 in the upper well expressed paleosol in this unit; the location o f which 
correlates with that o f hearth Feature 4. The spike in Xfd%in Profile 8 is most likely the result of 
anthropogenic enhancement. As in other profiles examined, there is variation in the magnetic signal o f  the 
C2 and Cl horizons that does not correspond with either cultural remains or changes in stratigraphy.
4.2.9 Profile 9- W24 West
Profile 9 (Figure 4.18) shows differences in magnetic susceptibility from profile 8, which is 
interesting as they were taken from the same block. Profile 9 does show an increase in Xfd% o f the lower 
paleosol at the level o f hearth Feature 4 (this makes sense as the feature was located centrally east/west in 
the unit and towards the northern side o f the block). Profile 9 has a lower sand horizon that was field 
identified as being related to the Younger Dryas and at this horizon there is a substantial increase in both Kif 
and xif while xfd% remains the same.
Profile 9 exhibits variation in the magnetic signal in the sterile zone between the upper and lower 
components that do not correspond with any field observed changed in stratigraphy. The upper soil 
horizons (B, E, A, O) follow the established pattern o f enhancement in the B horizon and decrease in the 
O/A/E.
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Figure 4.17 Profile 8 (W24 North Wall) Magnetic Susceptibility
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Figure 4.18 Profile 9 (W24 West Wall) Magnetic Susceptibility
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Profile 1 ,2 ,4  and 6 all have sand horizons that were field identified as being possibly related to 
the Younger Dryas (YD) cooling event. Other sites in central Alaska (Dry Creek and other sites located in 
the Nenana Valley -100km  southwest o f  the Mead Site) also have sand horizons that are believed to 
correlate with the YD (Beget, et al. 1991; Bigelow, et al. 1990a) The sand horizons at the Mead Site show a 
consistent substantial increase in both Kjf and xif, while Xfd% values show little or no variation. This pattern is 
also seen in Profile 6, which does not exhibit the same well defined sand layer where the magnetic samples 
were collected. Both east and west o f the sampling location however the stratigraphic profile depicts a sand 
layer that is separated from the lower sands by a thin layer o f  loess; this is interpreted as possibly being a 
YD signal. That this magnetic pattern is not evident at all profiles sampled at the site may be the result o f  
variation in site specific deposition parameters such as paleotopography and o f wind direction. The signal 
is evident in both the east and west areas o f  the site indicating that the cause o f  the signal was site wide.
The magnetic susceptibility profiles produced during this analysis indicate that the paleosols are 
the result o f  natural rather than cultural processes; however, there is strong evidence that the magnetic 
enhancement o f these paleosols is fairly weak unless enhanced by anthropogenic activities. Many times the 
weakly expressed paleosols or those not associated with cultural remains have little to no enhancement, 
while all large spikes in susceptibility and frequency dependence occur where cultural remains are found.
4.3 Bulk Density
The bulk density o f  all magnetic susceptibility samples (n=553) was classed by general soil type 
and SPSS was used to generate descriptive statistics and a one-way analysis o f variance (ANOVA) test to 
determine if  there are statistically significant differences in the mean bulk density values between each soil 
(see appendix 2 for bulk density values and SPSS calculations). The data utilized is assumed to be: an 
independent random sample from each population, from populations that are normally distributed, and from 
populations whose variances are all equal.
As with the magnetic susceptibility data, the Levene Statistic (Table 4.4) shows that the 
assumption o f homogeneity o f variance is not true, and so again the Brown-Forsythe and Welch options 
were run, along with the Games-Howell post-hoc test. The Brown-Forsythe and Welch tests (Table 4.5) 
shows that there are statistically significant differences between the mean bulk density values o f  the soil 
classes, and the Games-Howell post-hoc test (Table 4.6) shows that these statistically significant 
differences are present between all o f the soils classes analyzed.
4.2.10 Summary
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Table 4.4 Levene Statistic for Mean bulk density by soil class
D e n s i t y
Levene
Statistic df1 df2 Siq.
11.284 5 534 .000
Table 4.5 Welch and Brown-Forsythe statistics for mean bulk density
Density
Statistic3 df1 df2 Siq.
Welch 46.630 5 142.431 .000
Brown-Forsythe 71.195 5 183.556 .000
a. Asymptotically F distributed.
Table 4.6 Games-Howell post-hoc test for mean bulk density
Multiple Comparisons
(i)
Soil
Code fj'i Soil Code
Mean 
D fferencs (I- 
J) Std. Error Sid.
95% Confidence Interval
Lower Bound UDoer Bound
Games-Howell Send C2 .16557 01620 .000 .1126 .2135
PS and PS/C2 .21703 .02462 .000 .1456 .2835
C1 .13391 02262 .000 .0685 .1993
B .19438 .02153 .000 .1322 .2566
O W E .54268 03776 .000 .4308 .6545
C2 Sand -.16557 01820 .000 -.2185 -.1126
\  The mean difference Is significant at the 0.05 lave.
Analysis o f  the bulk density data shows a general trend o f high density at the base o f  the soil 
profile to lower density in the modern forest soil, with the exception o f the Cl horizon (Figure 4.19). 
Lithiostratigraphically, the C2 is composed o f the lower loess, which has a finer grain size than the upper 
loess (C l). The Cl has a higher bulk density than the C2, which is most likely due to its coarser gain size 
and the downward movement o f  fine constituents from the overlying horizons. The paleosols exhibit
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slightly lower bulk density than their parent material (the lower loess) and this too is most likely due to the 
higher concentration o f the less dense organics in the paleosols.
Figure 4.19 Mean Bulk Density (g/cc) by soil class
4.4 Geochemical Analysis
Ti and Zr were used to determine if  the soil formed in a uniform parent materia], as they are 
resistant to weathering. Zr/Ti and Ti/Zr ratios were calculated (Figure 4.20) and the resulting graphs depict 
two major shifts in the profile, one at BD-26 and a second at BD-20 which indicate sedentary succession 
shifts and which correspond to macroscopic changes in the lithography. Changes in the Zr/Ti ratio indicate 
changes in deposition, and the abrupt shift in Ti/Zr and Zr/Ti at BD-20 depicts the pedogenic boundary 
between the lower loess and the upper loess. The shift at BD-26 marks the transition from the sands to the 
lower loess. Zr was utilized as the immobile constituent in calculations for Strain (e) and Concentration 
Ratios (CR) following Stiles et al. (2003) due to the coarse grained nature o f the Mead Sites soils and 
sediments. (Stiles et al. (2003) found that Ti is located preferentially in the finer grained materials and Zr in 
the coarser grained materials and so they recommend using Ti as the immobile constituent for clay 
dominated soils and Zr for coarser grained soils).
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Figure 4.20 Ratios o f immobile constituents
4.4.1 Molecular Ratios
The ratio o f K+Na/Al shows a decrease from Bd-19 upward, while from BD-19 downwards a 
gradual increase in K+Na/Al was seen, with spikes at BD-28 and Bd-31 (Figure 4.21). Theses spikes may 
indicate an increase in salinity, which corresponds to the presence o f carbonate formations in the profile, 
and is an expression o f aridity. Bd-28 is a sand layer that may correspond to the Younger Dryas cooling 
event and which is separated from the lower bedded sands by a thin layer o f very fine sand/loess. BD -31 is 
a coarse sand layer o f the lower bedded sands.
Figure 4.21 Molecular Ratios
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The trace element ratio o f Ba/Sr is used to help determine leaching due to weathering, with lower 
ratios indicating less leaching, and higher ratios indicating more leaching (Retallack 1991; Sheldon 2006). 
The ratio o f  Ba/Sr in the modem soil shows leaching from the A to the B horizons, with increased levels 
evident in the B3 horizons, indicating illuviation. Ba/Sr values greater than two indicate leaching 
conditions (Sheldon 2006). Below the modem B horizons there is a trend o f steady lowering ratios down 
through the C l horizon, indicating continued leaching downward through the profile. There is a spike in 
Ba/Sr at BD-02 (Cl soil that was pocketed between B) indicating that this sample is actually a weak B 
horizon that does not exhibit a strong color change. Below the C l horizon there is a steady decrease in 
Ba/Sr which corresponds to the increase in pH. The C2 horizon exhibits a decrease in leaching. Both 
Feature 4 and the lower paleosol complexes exhibit Ba/Sr ratios which are less than two, indicating a lack 
of leaching or acidic conditions. The paleosols do not exhibit any differing trends in Ba/Sr values. Feature 4 
has a very low ratio, as does Bd-28 (YD sand), indicating that little leaching took place.
The Chemical Index o f Alteration (CIA) and Mg (CIA) both show weathering through the modem 
A and B horizons, a decrease in weathering at the C l horizons, with the exception o f BD-02 (the Cl 
between B), which shows a spike in CIA, indicating increased weathering and again indicating this C 1 is a 
weak B. CIA values decrease steadily through the C2a and C2b soils, with significant decreases in value at 
Feature 4. The lower paleosols complex also indicates less weathering, as does the YD sand (BD-27). The 
lowest sands show a significant decrease in CIA, indicating a lack o f weathering in the profile. Mg (CIA) 
results are inversely proportionate to those o f the CIA, indicating that Mg-bearing minerals weathered 
similarly to feldspars.
The ratio o f Al/Si, a weathering index, increases at BD-02, which is the lower boundary o f the Cl 
(the upper loess). It also exhibits a slight jump at the B3 level (clay lamella) before decreasing in the upper 
2 samples (indicating elluviation o f A1 into the lower modem soil stratums). The lower loess, which is 
encompassed from samples BD-27 to BD-19, exhibits fairly uniform rates o f  Al/Si, indicating little 
movement o f A1 through that section o f the profile. Bd-28, just below the lower loess (YD layer) shows a 
marked decrease in Al/Si. The lower bedded sands exhibit a highly decreased ratio, with BD-29 showing a 
slight increase from the general trend o f the lower sands (maybe because visually it is somewhere between 
the C2b and the sand).
4.4.2 Concentration Ratios
There is an increase in the CR o f CaO at several points in the profile (Figure 4.22). By far the 
largest o f  these is the Feature 4 hearth, which contained small fragments and flecks o f  bone. There is also a 
spike at BD-27 which is from a well developed paleosol. Upon macroscopic investigation, this horizon was 
found to contain very common flecks and small fragments o f  bone. There is a slight decrease in CaO at
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both BD-28 and at BD-31. There is a small spike in CaO at BD-17. BD-17 corresponds with cultural 
remains in CZ lb  which consist o f small bone fragments and lithics. There is also a spike at BD-27, which 
is a well developed paleosol. By far the largest increase in CaO is at Feature 4, which is interpreted as 
resulting from enhancement from bone fragments found in the hearth.
P20 5 remains fairly constant throughout the profile, with 5 exceptions where it spikes to varying 
degrees (Figure 4.22). There are four small spikes and one large one (because o f the magnitude o f  the 
largest spike, the smaller ones are difficult to see in Figure 4.22). The first o f  these is at BD-2, the second is 
associated with BD-18. The third is from BD-24, and the forth is at BD-30. Both BD-2 and BD-18 are 
samples o f  the C l soil. BD-2 was taken from a “pocket” o f  C l in E44 that occurs between the B horizons; a 
dense artifact scatter was recovered from this area. BD-24 was taken from a C2b/paleosol horizon, and BD- 
30 was obtained from the lower sand area, and is actually a sample o f  a krotovinia. This last sample is 
interesting, as it indicated that enhanced P may also be the result o f non-cultural animal behavior at the site.
By far the largest spike in P is from the Feature 4 soil sample. Feature 4 exhibits over twice as 
much P as any other sample analyzed. The enhanced P values from both Feature 4 and from BD-2 indicate 
that anthropogenic input o f P is detectable at the site. There is no noted increase in P at the location o f Area 
4 and Feature 1 (see Chapter 4.6). As soil P accumulates where it is deposited, the lack o f an increase in P 
at this location indicates that the occupation which resulted in the creation o f Feature 1 was short in 
duration.
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Figure 4.22 Concentration Ratios
4.4.3 Strain
Strain (s) is the mass balance approach that looks at the volumetric changes through a soil. In the 
profile, K and A1 have dilation, reflecting clay illuviation, while collapses o f  Sr, Mg, Ca and P in the profile 
reflects weathering (
Figure 4.23). Dilation is evident at BD-02 and B3; BD-02 is the Cl horizon that is sandwiched 
between B horizons, and B3 is the clay lamella. If these are both illuvial horizons then it would be expected 
that P would increase at these horizons as it moved down through the profile. However the increase in P in 
BD-02 may also be dependent upon anthropogenic processes, e o f  P continues to decrease through the 
upper loess, indicating continued weathering s o f P gradually increases through the lower loess, which may 
be indicative o f a decrease in weathering and/or illuviation o f P from the above horizons. Interestingly, 
there is dilation o f P at Feature 4 and at PS E44; this is due to the decreased density o f  these horizons. 
Feature 4 has a much greater dilation than the lower paleosols, indicating that these paleosols were not 
enhanced by cultural activities.
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The fluctuating strain o f  Fe and Mn throughout the profile may be the result o f  alternating wet and 
dry conditions. Mn spikes at B3, BD-2, and BD-31; without these spikes there is a gain in Mn throughout 
the profile. The general trend for Fe is also gain through the profile. Strain calculations indicate that the Cl 
horizon that is pocketed in the B horizon is a zone o f  illuviation as is the clay lamella (B3).
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4.5 Wood Identification
Three charcoal samples were selected for wood identification from Feature 4. Dr. Peter Wigand of 
Great Basin and Mojave Paleoenvironmental analyzed these samples. Identification o f wood species can 
provide a temporal control that can be analyzed in regard to site disturbance and to the spatial distribution 
o f certain species. All three samples returned identification as Salix. This falls within the expected range o f  
species that are believed to have been in the area at the time the hearth was used, and its significance will 
be elaborated on in Chapter 5.
4.6 Dating and Spatial Analysis
Eleven new 14C dates were obtained as a result o f  this the 2009 excavation (Table 4.7). These 
new dates, along with 9 previous dates obtained from excavations in the 1990’s gives a total o f 19 dates for 
the site (Figure 4.24, excluded from this table are several dates with problematic provenience, see section
4.6.7 for more information). Material dated includes paleosols, charcoal associated with cultural material, 
and bone found in the lower bedded sands corresponding to Cultural Zone 4 (CZ 4). A total o f 48 lx l  
meter units were excavated down to the lower bedded sands. Faunal remains recovered include, bird, both 
large and small mammal, and several fragments o f ivory.
Few formal tools were recovered from this most recent excavation, with a small number o f  
microblades, biface fragments, and unifaces/scrapers recovered during the field season. The majority o f  
lithic artifacts recovered were debitage. Raw materials found include chert, obsidian, rhyolite, basalt, 
quartzite, and the local bedrock. No diagnostic bifacial technology was obtained. Because o f the lack of  
diagnostic lithic remains found at the site, no assignments to cultural traditions o f the occupations at the site 
are made other than through correlations with radiocarbon dates.
The dates obtained for the upper horizons at the site exhibit age reversals; this is not an 
unexpected outcome as the stratigraphy shows disturbance due to cryoturbation. The dates on the lower 
horizons do not exhibit age reversals, although some interesting trends are evidenced by them which will be 
discussed further in this chapter.
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Table 4.7 Radiocarbon dates and association from the 2009 excavation
ID
Mass
(g) Material
Depth
(cmbs) Association Lab#
Date (cl4  
yrs BP)
W34-276 2.92 bone 33 B, with scraper
Beta-
264523 770 +/- 40
SPC-4 0.2 charcoal 33
bottom o f lowest 
B horizon
Beta-
264529 4940 +/- 40
W24-240 0.8 charcoal
37 to 
40 B, with mb
Beta-
264531 5530 +/- 40
E13-51 0.4 charcoal 44
C l, middle 
(within B)
Beta-
264524 6050+/-40
E13-52 0.1 bone 47
C l, middle 
(within B)
Beta-
264525 4580 +/- 40
SPC-2 0.1 charcoal 80
Upper PS, top 
stringer
Beta-
264528 7790 +/- 50
SPC-1 0.2 charcoal 92
Upper PS, 
bottom stringer
Beta-
264527 10160+/-50
E32-SPC7 0.4 charcoal 96
Upper PS, 
bottom stringer
Beta-
264526 10140+/-50
W24-360 0.4 charcoal 108
Feature 4 
(hearth)
Beta-
264532 10360 +/- 50
SPC-6 0.2 charcoal 113
Lower PS, 
bottom stringer
Beta-
264530 11210+/-60
E17-199 13.83 charcoal 120 lower sands (C5)
Beta-
264522 11460 +/- 50
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Figure 4.24 Radiocarbon dates with the generalized soil stratigraphic profile
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The tables’ generated show the trends o f the in situ artifacts recovered from the excavation 
illustrates well the variation in location o f remains across the site (Table 4.8 to Table 4.12). These trends 
are examined in detail below for each o f the cultural zones (CZ’s). During this spatial analysis it is assumed 
that the cultural remains are in their primary context in order to designate scatter, features, and areas. Once 
these labels have been assigned, the validity o f  these designations will be assessed.
Table 4.8 Generalized frequencies o f  in situ cultural remains by 5 cm arbitrary level
W est L obe G en era lized
L evel (cm b s)
B one Lit flics
0-5 Rare Rare
5 - lo
10-15
H igh
15-20
20-25
Decreasing
H igh
25-50 Rare
50-55 Decreasing
55-40
40-45 S m a ll C lu ster
45-50
50-55
55-t>0
60-65
65-70
70-75
75-80
80-85
85-00
‘50-05
05-100
Rate
Scattered Remains
100-105
L ith ics  \ \  24
105-110 H igh B o n e \V 2 4
110-115 H earth  lithic
115-120 \V 24 Decreasing
120-125
125-150
R are
150-155
155-140
140-145
145-150
E ast L ob e G en era lized
L evel (cm b s) B one and  L ith ics
0-5
5-10
10-15
Scattered Rem ains
15-20
20-25
2 5 -5 0
B on e an d  flak es
50-55
55-40
Decreasing
40-45
4 5 -5 0
50-55 Scattered Rem ains
55-60
60-65
6 5-70
70-75
75-XO
80-85
85-90 Btmc. fla k es  a n d  ruck
90-95
9 5-100
100-105
105-110
Sealteted Remains
110-115
115-120 B one a n d  flak es, E 26
120-125 B on e, E 44 (g o es  to 135 b u t
125-150 tap ers o ff)
150-155
155-140
140-145
Rare hone and 1 tlakc in 1 4 4  and
MO.resI o t’a iea  is sterile
145-150 B one in losver Sand
K ey
Com m on cultural remains 
Scarce cultural material 
Rare cultural remains 
N o cultural remains
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Table 4.9 West Lobe frequencies o f in situ cultural remains by 5 cm arbitrary level
West Lobe
Level (cmbs)
W34 W24
Bone Lithics Bone Lithics
0-5 Rare Sterile Rare Very Rare (n=l)
5-10 High (concentrated in
10-15 High (goes into W- High
NW1/4)
15-20
20-25
23, possible feature)
Very Rare High (concentrated in S 
1/2)
25-30 Decreasing
30-35 Decreasing
35-40 Rare
40-45 Feat 1
45-50
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85-90 Rare (n=l)
90-95
95-100 Rare (n=2) Rare (n=2)
100-105
105-110 High (Feature 4)
110-115 Rare
115-120 Decreasing
120-125
125-130
Rare (outside of W24)
130-135
135-140
140-145
145-150
_________ Key_________
Common cultural remains 
Scarce cultural material 
Rare cultural remains 
No cultural remains
Table 4.10 East Lobe frequencies o f  in situ cultural remains by 5 cm arbitrary level (Part 1)
East Lobe
U*u‘| (cmbs) Area 1 fE13. EI6. EI7 am) E26) E32 EJHBom- U 'J f e B»ng l.iihics B»m-
0-5 Sterile Rare (n 2)
5-10
10- II5
15-30 Lithics
20-25 Rare (n 2)
2 5 -W
50->5
35-10
40-45 Decreasing to Rare
45-50
50-55
55-60 VervR areO * 2f
60-65
65-70
70-75
75-SO
S0-H5 Very Rare ( n 1)
X5-90 Lilhirs Bone. WrtRerd
90-95
95-100 Lithics
LOO-105 Bom\scattered, h o rs  in Rare Lilliio
in s-no E16 R a rc trt 1)
110-115
115-120 Concentrated in E26 Rare in  3)
120-125 Very Kaisr * ir  1>
125-150
130-135
155-140
140-145
145-150 VfO R *refn* l|
_________ Key_________
C om ro itn  cu ltu ral remain-* 
S carce  cu ltu ral m ateria l 
R a re  c u ltu ra l rem ains 
N o  cu ltu ral rem ains
Table 4.11 East Lobe frequencies o f  in situ cultural remains by 5 cm arbitrary level (Part 2)
East Lobe
Level (cmbs)
E40 E44 E46
Bone | Lithics Bone Lithics Bone Lithics
0-5 Rare (n=l)
5-10
10-15 Rarc(n 1) Rare (n 1)
15-20 Rare Lithics, Scattered (not
20-25 dense), microblades
25-50 1 Lithics, Dense Lithics, Dense
30-35 Rare (n=l) Concentration
35-40 Decreasing Rare (n=l)
40-45
45-50
50-55
55-60
60-65 Kare(n=l)
65-70
70-75
75-80
80-85 Rare (n=l)
85-90
90-95
95-100 Rare (n 1} Rare (n 1)
100-105 Rare (n=l)
105-110 Rare (n=l core) Rare (n=l rock) Bone (n=5)
110-115 Increasing, Scattered
Lithus
115-120 Raie (n=l)
120-125
125-130 Rare
Bone Rare (n=l)
130-135
135-140 Decreasing
140-145 Raie(n=l)
145-150
_________ Key_________
Common cultuial temains 
Scarce cultural material 
Rare cultural remains 
No cultural remains
VO
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Table 4.12 East Lobe frequencies o f in situ cultural remains by 5 cm arbitrary level
(Part 3)
East Lobe
Level (cmbs)
E52
Bone Lithics
0-5
5-10
10-15
Rare (n=2)
15-20
20-25
25-30 Rare (n=2)
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85-90 Rare (n=2)
90-95
95-100 Rare (n=2) Increasing
100-105
Lithics, Feature
105-110 Rare (n= l)
110-115
Decreasing
115-120 Rare (n= l)
120-125
125-130
130-135
135-140
140-145
145-150
K ey
Common cultural remains 
Scarce cultural material 
Rare cultural remains 
No cultural remains
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Two profile back plots (north and east) were created for each 2 m block (Figure 4.25 to Figure 
4.40). These back plots show the vertical distribution o ff all in situ remains. In the majority o f the blocks, 
the lower components are easily distinguished from the upper components, and artifact clusters can be 
discerned. Attempting to separate the CZ la, lb, and 2 materials from each other is difficult on the back 
plots. There are not clear breaks in artifact distribution between these CZ’s, and the distribution is scattered. 
Separation o f CZ 3 and 4 is also difficult in some units. Part o f the lack o f clarity o f  the back plots is due to 
the slope over each 2 m block which distorts the distribution o f the artifacts on the back plots. The spatial 
location o f several o f the feature and activity areas is evident in the back plots. Feature 3 (Figure 4.39) is 
well defined in W24, as is Scatter 5 in E52 (Figure 4.35). Activity Area 3 in the West Lobe (Figure 4.40) is 
a large but dense scatter o f  cultural remains that does not exhibit well defined vertical boundaries. A more 
detailed examination o f the back plot data is given in the following sections in regards to the spatial 
distribution o f each cultural zone.
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Figure 4.26 Block E16 back plots
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Figure 4.40 Block W34 back plots
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Radiocarbon dates place the oldest occupation at the site between 11,210 ± 60 and 11,460 ±50 yr 
BP (13,109-13,500 cal yrs BP), which is right at the transition between Phase I and Phase II o f  the East 
Beringian Period and during the Beringian Period and the Chindadn/Nenana Tradition. This occupation 
corresponds with the Lower Paleosols at the site. CZ 4 remains were found in the lower paleosols and in 
the upper region o f the underlying bedded sand (a single bone with cut marks was recovered from these 
sands in E l6).
In the East Lobe (Figure 4.41) (in all spatial distribution figures the shaded areas are unexcavated 
blocks), CZ 4 is expressed in E52 as a dense quartzite lithic scatter (Scatter 5). Two cores, a scraper, and a 
large quantity o f flakes were recovered in situ, and a large quantity o f  flakes were also recovered from the 
screen. No faunal material was recovered from the screen associated with this area, although several bone 
fragments were found in situ to the north and west o f this lithic scatter. An additional smaller cluster o f  
lithics and bone was found in situ just over two meters to the southwest o f  Scatter 5. The isopleth maps 
indicate a moderate number o f lithics were recovered associated with this smaller scatter (Scatter 6); no 
bone was recovered from the screen. A single piece o f  fire cracked rock (fcr) was located to the northeast 
o f Scatter 6.
Along the southwest edge o f the East Lobe CZ 4 is a diffuse faunal and lithic scatter (Scatter 7). 
Bone, ivory, and lithics were recovered in situ from a 6m x 2m wide area running northeast/ southwest. It is 
likely that this scatter originally continued south o f the excavated area into the quarried zone. Additional 
diffuse faunal remains and lithics were found in situ in all other blocks o f  the East Lobe, although screened 
faunal remains were recovered from only Scatter 7. With the exclusion o f the screened remains from 
Scatter 5, two flakes were found in the screen from Scatter 7, and only one from the other blocks in the East 
lobe.
During spatial analysis an interesting pattern emerged in the NW area o f  the East Lobe; a diffuse 
bone scatter is noted in E44. These remains were found in situ below the level o f the other scatters 
associated with CZ 4. For this reason these remains have been classed as CZ 4 (lower) (Figure 4.42). There 
are bone fragments that were recovered in situ from CZ 4 which corresponds with the location of this bone 
scatter. The designations o f  CZ 4 and CZ 4 (lower) are simply used to show the change in distribution with 
depth and are not meant to be indicative o f separate occupations or cultural zones. They simply illustrate 
different spatial patterning in CZ 4.
4.6.1 CZ 4
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Figure 4.41 East Block CZ 4 with isopleth map o f  screened remains
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Figure 4.42 East Block CZ 4 (lower) with isopleth map o f  screened remain
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In CZ 4 (lower) three flakes were found in situ for the entire East lobe, and no flakes were 
recovered from the screen. The majority o f  the bone fragments recovered from CZ 4 (lower) are well 
preserved and many are diagnostic. Screened faunal remains were recovered from E44 and E40, and in situ 
faunal remains were recovered from E44, E40, E26, and E16. This bone scatter is designated as belonging 
to CZ 4 (lower) based on its stratigraphic position, occurring in the lower paleosol complex. For the most 
part, the paleosols associated with the scatter in E44 are thin but well expressed continuous stringers that 
undulate slightly but show good stratigraphic relationships (Figure 4.43).
Figure 4.43 E44 CZ 4 (lower) bone scatter
CZ 4 (Figure 4.44) is poorly expressed at the West Lobe o f the site, with only a few bone 
fragments and one flake recovered from the screen and no cultural remains found in situ. The bones 
recovered from the West lobe may be natural in origin and not the result o f  cultural processes.
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4.6.2 CZ 3
Cultural Zone 3 (CZ 3) (Figure 4.45 and Figure 4.46) has been dated from 10,140 ± 50 to 10, 760 
± 60 14C yr BP (11,600 to 12,300 cal yr BP). This corresponds with Phase II o f the East Beringian tradition 
and the Chindadn/Nenana Tradition. CZ 3 corresponds with the middle and upper paleosol complexes, and 
the calibrated age corresponds with the Younger Dryas cooling event. Two 14C dates that correspond to 
CZ 3 fall outside o f the above range; one obtained in the first excavation o f the site, and the second during
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2009. Both o f  these dates come from material in the Upper paleosols. The 1992 date o f  7,620 ± 100 14C 
years (8436 ±91 yrs cal BP) was obtained from multiple charcoal fragments from the upper paleosols and is 
noted as being an unreliable date. The 2009 date o f  7,790 ±50 14C yrs (8505 ± 55 yrs cal BP) was obtained 
from charcoal (SPC #2) from the upper paleosol and was one piece o f  charcoal. There is no reason to 
believe this date is unreliable. The charcoal used for this date was located in the north wall o f E16 
approximately 10 cm above and 25 cm east o f  the location o f another piece o f  charcoal (SPC #1) that was 
dated to 10160 ± 5 0  14Cyrs BP (11,812 ± 160 cal yrs BP).
CZ 3 remains found in situ in the East Lobe consist o f a fairly dense concentration o f fragmented 
bone, lithics, and fire-cracked rock (FCR) located in the northern half o f  E32, which has been labeled 
Feature 3 (Figure 4.47). Scattered faunal remains and lithics were also found in situ in E38, E46, and E52. 
As the isopleths maps show, very few lithics (n=3) were recovered from the screen, while a large number 
o f bone fragments were. These screened bone fragments correspond with the dense cluster o f remains in 
E32, as well as the remains in E38. This may indicate that these areas join and be one activity area, (the 
block north o f E32 and West o f E38 (E39) has not been excavated at this time).
In the West Lobe, a hearth (Feature 4) (Figure 4.48) has been dated to 10,360 ± 50 14C yrs 
(12,035 to 12,413 cal yrs BP) and its location correlates with CZ 3 (Figure 4.46). The hearth is located in 
the northern section o f the block and a corresponding lithic scatter approximately lm  south o f the hearth 
location is included in the feature area. Debitage found in association with Feature 4 have been described as 
either blue/gray chert or a dark gray silicified siltstone; however one flake found directly in the hearth is 
composed o f this siltstone with bands o f  blue/gray chert and so it is assumed that these two material types 
came from the same core. A single microblade was found in situ in the lithic scatter south o f the main 
hearth area. Almost all o f the lithic remains associated with Feature 4 were found in situ; only one flake 
was recovered from the screen. Many o f the flakes found south o f the hearth are very small in size (l-2m m  
in length and width) while the flakes found in the hearth fill are larger. It appears that this distribution 
pattern is not the result o f  post-depositional disturbance, even though Feature 4 is truncated by a krotovinia.
Isopleth maps show two main concentrations o f  screened bone on the West Lobe in CZ 3; one in 
W24 and associated with the hearth, and the other in W34. As is the situation in the East Lobe, the block 
north o f  W24 and west o f W34 (W33) has not been excavated yet. It is possible that the bone scatter 
associated with Feature 4 continues into W33.
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4.6.3 CZ 2
CZ 2 (Figure 4.49) is concentrated in a 2 m2 area in the East Lobe and is located in the B/Cl 
horizon. It is composed o f flakes, several bone fragments, and two microblades. Dates for CZ 2 are not 
concretely established, due to the age reversals in the modem forest soil. No charcoal or bone directly 
related to the artifacts found in CZ 2 was dated. However, if  the oldest radiocarbon date from the modem 
forest soil is utilized (6050± 40 14C yrs BP) the calibrated age range for CZ 2 is 7,020 to 6780 cal yrs BP. 
These calibrated dates correspond to the Early Taiga Periods and the Northern Archaic Transitional 
Tradition. It is very possible that the CZ 2 remains could be classified with CZ lb; this will be discussed in 
the summary section o f this chapter.
In the West Lobe CZ 2 is expressed in a small isolated lithic scatter which was identified in the 
field as Feature 1 (Figure 4.50). A scraper and 10 flakes (some o f which are pot lids and refit the scraper) 
were found in a small area in the NW comer o f W34. At the time this feature was recorded it was noted that 
its designation as a feature was tenuous and that the artifacts recovered from it may have been part o f the 
bone and lithic scatter found in the overlying levels and which has since been classified as belonging to CZ 
lb. Many o f these overlying bone fragments are burned and the lithics display pot lid scars. The scraper, as 
well as several o f  the artifacts, were noted as having oblique orientation. Due to heat-altered nature o f the 
overlying cultural remains and those in Feature 1, and the taphonomic disturbance evident in the upper 
horizons at the site, it appears that the expression o f CZ 2 in the West Lobe is simply an artifact o f  
taphonomic mixing.
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The majority o f  the cultural remains recovered during 2009 were found in CZ lb. CZ lb  is located 
in the B and Cl horizons at both the East and West Lobes. Flakes (n=l,985), scrapers (end n= 3, side n=2), 
microblades (n=19), a biface fragment, a burin spall, modified flakes (n=3), and bone (n=4,418) were 
recovered. Obsidian flakes (n=53) from CZ lb were sourced to both Wiki Peak (located in the Wrangle St. 
Elias Mountains in Eastern Alaska) and Batza Tena (located along the Koyukuk River in Northwest 
Alaska), with the majority coming from Batza Tena. Radiocarbon dates for CZ lb  range from 4,580 ± 40 
14C yr BP (5,570-4970 cal yr BP) to 5,530 ± 40 14C yr BP (6420- 6260 cal yr BP). CZ lb corresponds to 
the Middle to Early Taiga Periods and the Northern Archaic Tradition.
There are two to three possible feature/activity areas evident from the in situ remains in the East 
Lobe (Figure 4.51). The first o f  these is a large diffuse faunal and lithic scatter that was concentrated in 
E26, E17, and E16 (Area 1 on the Surfer generated spatial distribution table). No formal tools were 
recovered from this area, and the majority o f the faunal material is fragmented and nondiagnostic. Many o f  
the flakes are o f a local material and are the same type as the core found in this scatter.
All o f  the bone fragments recovered in situ are from E26, while the majority o f  the lithics 
recovered are from E16 and E l7. The distribution o f faunal remains indicates possible excavator error, as 
the extent o f  the faunal remains goes up to, but not past the south and east edges o f  block E26. Also, very 
few lithics were recovered in situ from E26, indicating that the observed in situ patterning o f Area 1 may be 
the result o f different excavation techniques. The one caveat to this discussion is a lack o f screened faunal 
remains from E26 and El 7 (and only seven bone fragments were recovered from the screen in E l6). One 
would expect that if  faunal remains were present but not found in situ they would be found in the screen; 
however this is not the case in Area 1. The screened lithic remains from CZ lb, Area 1 indicate two 
concentrations within the greater area; one in the NW comer o f E l 7 going into the SW comer o f E26, and 
the second in the NE comer o f E26.
4.6.4 CZ lb
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Figure 4.51 East Block CZlb with isopleth map o f screened remains
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The second two feature/activity areas in CZ lb on the East Lobe are concentrated lithic scatters 
found in E40 (Area 2) and E44 (Area 3) respectively. No formal tools are directly associated with either of 
these scatters, although a scraper was found lm  to the west o f  the scatter in E44. Only one bone fragment 
was found in situ in the SW comer o f E40. No faunal material was found in situ in E44 and no faunal 
material was recovered from the screen from either E40 or E44 in CZ lb. These two scatters are just over 2 
m apart, and so are here on considered separate features/ activity area, although it is possible that they were 
produced from the same cultural event. The isopleth maps o f the screened lithic material, however, 
supports that these two scatters are separate area. Both blocks E41 and E45 have not been excavated, and 
so it is possible that these two scatters may join when more o f the site is excavated.
CZ lb remains from the West Lobe (Figure 4.52) indicate a large feature area (Area 4). A large 
number o f small nondiagnostic bone fragments (many calcined) were recovered in situ from the SW half o f  
W34 and the NW comer o f W23. This bone scatter is diffusely bounded to the SW and NE by lithics. The 
NE section contained three scrapers, while the SW section contains microblades (n=4), a scraper, and the 
distal end o f a biface fragment. The isopleths map o f the faunal remains recovered from the screen follow 
the location and patterning o f the in situ faunal remains. The isopleths map for lithics recovered from the 
screen show a concentration in the SW comer o f W24, and no screened lithics recovered for either W34 or 
W 23.
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While here again (as in the East Lobe) this spatial patterning may be due to differences in 
excavator technique and. The spatial patterning o f CZ lb in the West block indicates this area may have 
been a game processing location; the fragmentary nature o f  the calcined bone indicates faunal processing, 
while the frequency o f scrapers may indicate hide scraping.
The calcined and burned bone recovered from Area 4 indicates that this was a hearth type feature. 
This designation is supported by the presence o f  pot lidded artifacts. As noted earlier in this chapter, the 
lack o f enhancement in P at Area 4 indicates that use o f  the area was short in duration.
4.6.5 CZ la
CZ la  (Figure 4.53 and Figure 4.54) is a surface or near surface component composed o f 6 flakes 
and 33 bone fragments. Dating o f CZla is problematic; the youngest radiocarbon date obtained from the 
modem forest soil can only be used to say that it is at least 770 ± 40 14C yrs BP (780-660 cal yrs BP) old, 
but may be older. The next youngest date, 1,430 ± 60 14C yrs BP (1440-1280 cal yrs BP) may be 
associated with CZ la  as it is much younger than the next youngest 14C date from the modem forest soil 
(4,050 ±140).This second date corresponds to the Late Taiga Period and the Athapaskan Tradition. Due to 
the disturbance o f  this level however, it is possible the CZla is part o f  CZ lb
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By plotting the means o f lithic size class for each 5 cm arbitrary level an interesting pattern is 
evident in the upper levels that indicates post-depositional mixing in CZ la, lb and 2 (
Figure 4.55). Levels 1 to 5 show a significant decrease is size class, while levels 5-12 show a small
but consistent decrease; these levels compose CZla, CZ lb, and CZ 2. It has been shown that the levels 
closer to the surface will undergo greater cryoturbation as they receive the greatest input o f liquid water as 
well as the greatest number and degree o f  temperature fluctuations (Bowers, et al. 1983; Hilton 2003; 
Johnson and Hansen 1974). Freeze/thaw mechanisms work to move larger objects upwards and smaller 
objects downwards (Hilton 2002), which has taken place in the upper components at the Mead Site. This 
does not mean that the CZ’s encompassed in Levels 1-12 are not the result o f different occupations, but it 
shows that there is significant post-depositional disturbances in the upper level and that care should be 
utilized in the future when assigning cultural significance to these CZ’s as they may be representative o f  
something other than cultural change.
The plots o f  the means o f the lithic weights per 5 cm arbitrary level display a similar but slightly 
different pattern (Figure 4.56 and Figure 4.57). Levels 5-12 still show a mostly constant decrease is weight, 
while levels 1 -5 have a more varied trend. Of these two analyses, more weight is given to the size class 
comparison, as size is the main variable affecting movement o f  artifacts through the profile (the greater the 
surface area, the more likely it is to become mobile and move upward). These conclusions are also 
supported by the plotted trends for the lower components, which do not exhibit a constant decrease or 
increase with depth, and which did not exhibit as great o f  a degree o f  disturbance when they were 
excavated.
Figure 4.55 Mean o f  Size Class and 5 cm arbitrary level
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Figure 4.56 Mean weight (g) o f  lithics and 5 cm arbitrary level
Figure 4.57 Zoom o f  Levels 1-24 from Figure 4.21
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4.7 Loess Accumulation
Dates used to determine accumulation rates are from E l6; this profile returned four 14C dates 
whose location is both well documented and representative o f  the site (Figure 4.58). As no date was 
obtained for the lower paleosol complex from E l6, the date for this paleosol is from E l7.
E l6 radiocarbon dates were calibrated and the center calibrated intercept was utilized for analysis 
at 2 standard deviations (Table 4.13). It should also be noted that the date used as the marker o f the base of  
the B horizon in this analysis (4940 ± 5014C yrs BP) is not the oldest radiocarbon assay obtained for the B 
horizon. Just to the west at E l3, at the same general stratigraphic level as SPC #4 (4,940 +/- 14C yr BP), 
are FS #51 and FS#52; FS# 51 has a similar date to SPC #4, but FS#52 has an older date o f  6050 ± 40 14C 
yr BP.
Also, the date used to demarcate the upper boundary o f the upper paleosol is much younger than 
dates previously used by investigators as the upper bound o f  the paleosol complexes; this date (8,680-8,440 
cal yr BP) was obtained from a single piece o f charcoal in good stratigraphic context and there is no reason 
to treat it as being unreliable. Sample WSU-4261 (which is also from the upper boundary o f the upper 
paleosol) returned a date o f  8620-8260 cal yr BP and was rejected by earlier investigators because it was 
obtained from multiple pieces o f  charcoal and appeared to be erroneous as it is much younger than the 
other dates obtained for the paleosols (Dilley 1998). However, in light o f  the new date obtained for the 
upper paleosol this view needs to be reworked.
The earliest depositional event examined here spans two lithostratigraphic units; the lower bedded 
sands and the lower loess. Due to the differences in particle size (and the energy necessary to transport the 
different particles sizes) the deposition rate for this event probably varied between the two deposits. 
However, as no date is available for the sand/loess transition it will be assumed that the depositional rate 
was constant between these two events.
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Figure 4.58 Block E16 North Wall Radiocarbon dates and stratigraphy (depth is in cmbs), blue date is from
E17.
Table 4.13 Correlation o f radiocarbon dates from E16 and E17 and stratigraphy
Strat c l 4  Date Calibrated range (2 standard  
deviations) cal BP
C enter calibrated intercept 
(cal BP)
Depth (cmbs)
B edded  Sand 11460+/- 50 13500-13220 13360 120
Low er Paleoso l 11210+/- 60 13280-13000 13140 107
M id Paleosol 10160+/- 50 12080-11600 11840 92
U pper Paleosl 7790 +/- 50 8680-8440 8560 80
B Horizon 4940 +/- 40 5770-5570 5670 33
Surface 0 0 0 0
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The resulting deposition rates show that deposition was greatest between the bedded sands and the 
lower paleosol complex at the end o f the Pleistocene (Table 4.14). Deposition slowed significantly between 
the lower and middle paleosol complexes during the time o f the Younger Dryas, and continued to lessen 
between the middle and upper paleosol complex. From 8560 to 5670 cal yr BP the accumulation rate again 
increased to 1.63cm/100yrs; this interval is noted at the site for the dearth o f  cultural material associated 
with it.
Table 4.14 Deposition rates
S tra t Deposition Rate
Bedded Sands to Lower Paleosl 5.91
Lower Paleosol to Middle Paleosol 1.15
Middle Paleosol to Upper Paleosol 0.37
U pper Paleosol to base o f  B horizon 1.63
Base o f  B horizon to modem Surface 0.58
The first few depositional events correlate with the earliest occupations at the site, while the third 
corresponds to an occupational hiatus. Assuming that the main CZ 4 occupation corresponds with the lower 
paleosol complex, and CZ 3 correlates with the middle and upper paleosol complex this indicates that the 
site was being occupied during a period o f lessened loess accumulation/deposition. The abandonment o f the 
site correlates with an increase in accumulation. If loess accumulation is enhanced by increased vegetation 
(specifically boreal vegetation), abandonment also correlates with the rise o f  the boreal forest.
The loess deposition rates calculated depart slightly from the general deposition history o f  other 
sites in the Tanana Valley. Other sites, such as Broken Mammoth, have dates associated with the upper 
paleosol complex around 11,000 cal yr BP, and dates o f 7,620- 8,640 cal yr BP for the base o f the B 
horizon. At these sites it appears that the major depositional event o f  the Holocene took place from around 
11,000 to 8,000 cal yr BP, whereas at Mead they took place from around 8,500 to 5,600 cal yr BP. Because 
this mid-Holocene increase in accumulation is seen only at the Mead Site, it is hypothesized that the cause 
o f the accumulation is also site specific and may be related to the location o f the site in relation to the 
Tanana River.
The implications o f  this difference are great. The interval o f deposition observed at other sites 
does not correlate well with large scale climate events. Potter (2008d) noted a regional population decrease 
from 10,000-9,000 cal yr BP which correlated with both the Holocene Thermal Maximum and the 
emergence o f spruce forests.
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It appears that the oldest two occupations at the site occurred when the landscape was dominated 
by a mixed shrub tundra. This shrub tundra, which is less effective at trapping loess than forest 
environments accounts for the low depositional rate from the lower to the upper paleosol complex, and is 
evidenced by the geochemical and micromorphological data, as well as the presence o f  salix in Feature 4 
from CZ 3. The emergence o f  spruce forests in the region from 10,000- 9,000 cal yr BP was followed 
shortly thereafter with an increase in loess deposition at the Mead Site. The decrease in accumulation from 
5,600 cal yr BP to the present does not correlate with any known significant change in climate or regional 
vegetation as the present day vegetation is believed to have been established by 6,800 cal yr BP. The 
decrease in accumulation may be related to the location o f the Tanana River. As noted in Chapter 1, the 
Tanana meanders back and forth across its wide flood plain, and so it is hypothesized that during this 
period o f decrease accumulation the river was further from the site than during previous periods.
It is possible that the 8.2k event is responsible for the increase in accumulation above the upper 
paleosol. As no radiocarbon date has been obtained for the area between the upper paleosol and the base of  
the B horizon, it is possible that the majority o f accumulation between these stratigraphic layers could have 
taken place over a very short duration due to an episode such as the 8.2 k event.
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5.1 Buried Occupational Surfaces
Based on the results presented in Chapter 4, there are no detectible buried occupational surfaces in 
the upper loess stratigraphic section at the Mead Site, the null hypothesis o f  Research Question 3 (are there 
detectible buried occupational surfaces in the Upper Loess stratigraphic section o f the Mead Site) cannot be 
rejected. A sand lens is evident in some units at the contact o f  the upper and lower loess, but this layer is 
natural in origin and not indicative o f occupation at the site. This sand lens may have formed during the 
8.2k event. The level o f post-depositional disturbance indicates that if  a buried occupation surface did at 
one time exist in the upper loess, taphonomic processes have disturbed it to the point where it is no longer 
evident.
The clay lamella (B3) located in the modem forest soil has been proposed by some as being a 
remnant occupation surface (J. and Bozarth 2008), but this does not appear to be the case at the Mead Site. 
Clay lamellae in Cryochrept soils form through frost action and ice lensing and have pedo-petrogenic 
origins (Dement 1962; Rawling 2000; Rieger 1983). The amount o f cryoturbation in the modem forest soil, 
combined with the lack o f association between artifacts and the sporadic location o f the clay lamella at the 
Mead Site, indicates a natural formation o f the B3 horizon.
The geochemical data also do not support the interpretation the theory that lamella is cultural in 
origin. Occupational surfaces are created though long term use and one would suspect that phosphorus 
would increase in association with the long duration needed to form an occupation surface, however this is 
not seen at the Mead Site. The clay lamella does not exhibit any increase in phosphorous (or Ca) as would 
be expected (see Figure 4.22).
5.2 Classification o f paleosols
The buried paleosols at the Mead Site are Ab horizons that show little evidence o f weathering. 
They were formed during the YD cold/dry event which accounts for their lack o f weathering or B horizon 
formation. Unlike at the Broken Mammoth site, which has definitive separation between the upper, middle, 
and lower complexes, paleosols at the Mead Site are not easily tracked across the site. In part this may be 
due to changes in localized stratigraphy and deposition across the site.
Magnetic susceptibility data and geochemical analysis indicate that these horizons are natural in 
origin but are anthropogenically enhanced. While the paleosols are not necessarily indicative o f  human 
occupation, they do correspond to the cultural zones at the Mead Site. The majority o f  CZ 3 and CZ 4 
cultural remains were found in association with the paleosols, and geochemical analysis o f  material from 
Feature 4 shows increases in phosphorus and calcium. The proxy information indicates that the paleosols
5 Discussion and Conclusion
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formed during cooler and drier climates when the paleo-surface stabilized long enough for an A horizon to 
form.
5.3 Context and Cultural Zones
CZ lb, la  and 2 have been affected greatly by post-depositional disturbance; CZ 3 and 4 have also 
been affected by post-depositional disturbance, but to a much lesser extent. This is evidenced through the 
geoarchaeological analysis as well as the orientation o f artifacts. While not systematically recorded (as 
noted earlier), many o f the artifacts that were photographed in situ from the upper soil horizons exhibit 
vertical or oblique orientation (Figure 5.1), while those in the lower horizons exhibit mostly horizontal 
orientation.
The separation between CZ la, lb  and 2, as defined in Chapter 4, is based on perceived activity 
areas and depth; the resolution for these CZ’s is low both vertically and horizontally. The spatial patterning 
observed is most likely a remnant o f the original archaeological context, but it has been greatly altered by 
post-depositional disturbance. The designation o f scatter or feature areas in the upper horizons are general 
and should not be utilized to designate discrete boundaries o f  where activities took place at the site.
The cultural zones are located in similar stratigraphic position to those at Broken Mammoth and so 
the remains from the upper components at Broken Mammoth (and other comparable sites in the region) 
were most likely also affected by similar post-depositional disturbance. This warrents questioning the 
validity o f  the spatial and cultural designations ascribed to the upper components at this site and at other 
similar sites.
As the vertical provenience o f artifacts from the upper CZ’s is questionable, so too is the 
horizontal provenience; artifacts have been noted to move large distances due to cryoturbation in relatively 
short periods (Bowers, et al. 1983; Hilton 2002; Hilton 2003). Activity and feature areas presented earlier 
in Chapter 4 are most likely reflections o f activities that took place at the site; however, their size and 
density are most likely not representative o f their original context and extent.
The micromorphological data provides evidence o f  alteration in the paleosol complexes and C 
horizons. Weathering does not appear to have greatly disturbed these zones, although there is evidence o f  
carbonate accumulation indicating weathering o f the soil and movement o f elements through the profile. 
The magnetic susceptibility data does not indicate significant natural enhancement o f the buried paleosols, 
which, as these paleosols are Ab horizons (and not Bw horizons), is not unexpected.
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Figure 5.1 Vertically oriented scraper in E26
As noted above, the lower cultural zones (CZ 3 and CZ 4) exhibit less post-depositional 
disturbance than the upper zones, but there are still indications o f taphonomic disturbance. On a 
macroscopic level the undulating and fragmented nature o f many o f the paleosol points to post-depositional 
alteration, microfaulting is evident across the site, and krotovinia were observed intruding on cultural 
deposits (such as Feature 4).
The geochemical data indicate that some weathering has taken place at the location o f CZ 3 and 
CZ 4, but it is to no extent as great as that observed in the upper components. As mentioned above, the 
plots o f mean weight and size class per 5 cm arbitrary level also does not indicate a large amount o f post- 
depositional movement (as constant trends are not evident) in CZ 3 and CZ 4.
Dilley (1998: 261) concluded that the lower cultural zones, “have not been mixed, redeposited, or 
affected by cryogenic processes”. However, the micromorphological and geochemical data indicate that 
this is not true. The inability to trace the paleosols continuously across the site or to easily separate the 
upper from the middle, from the lower paleosol complex indicates that post-depositional disturbance has
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taken place. The observation o f platy microstructure in thin sections collected from the upper paleosol, as 
well as in isolated organic areas throughout the profile, indicates that these soils were affected by 
freeze/thaw processes and that the cultural remains were also likely affected.
The cultural remains recovered from the 2009 excavation indicate that the Mead Site was most 
likely utilized as a short term hunting camp as there is little evidence o f reuse o f features or activity areas 
and no evidence o f  structures. The ubiquitous nature o f  the only diagnostic artifacts recovered from the site 
(scrapers and microblades) precludes any cultural technocomplex designation.
5.4 Climate and Cultural Zones
Radiocarbon dates were calibrated using Intercal04 and plotted against paleoclimate data using the 
CalPal calibration program (Figure 5.2) (Weninger, et al. 2011). As mentioned earlier in Chapter 4, several 
dates from the 1992 excavation were excluded from this analysis. WSU-4261 (7,620 +/- 14C yr BP) was 
excluded because it came from multiple charcoal fragments and was noted as being an unreliable date. 
Beta-59117 (9,220 +/- 370 14C yr BP) was excluded because it was a small sample from the base o f the C 
horizon and is not noted as being associated with any cultural remains. NSRL-2000 (17,370 +/- 14C yr BP) 
was excluded as this date was obtained from an ivory fragment that was most likely scavenged and so is not 
representative o f  the cultural zone where it was found. Finally, one date from the 2009 excavation was also 
excluded as it was obtained to determine the chronological sequence at the site and is not associated with 
cultural remains (SPC-2, 7,790 +/- 50 14C yr BP).
The results (Figure 5.3) show that CZ 4, the oldest cultural zone at the site took place at the end of  
the Bolling/Allerod warming period at the end o f the last glacial. CZ 4 corresponds with the lowest 
paleosol complex at the site. As temperatures during this time were warmer than previously, CZ 4 does 
correspond to a period o f ameliorating climate, although, when compared to the modem climate CZ 4, was 
much colder and drier than conditions today.
The next occupation o f the site, represented by CZ 3, took placed during the Younger Dryas cold 
event, as evidenced by the radiocarbon dates obtained from the middle and upper paleosol complexes. As 
noted in Chapter 2, proxy records for the Younger Dryas indicate that this was a period o f cold and very 
dry climate which may have had small, short, warm intervals not evident in the ice core proxy records. 
Based on the definition o f  ameliorating climate given in Chapter 1, CZ 3 does not correspond to a period of 
ameliorating climate. As with CZ 4, when compared to the modem climate, CZ 3 was most likely cooler 
and drier than present.
The stratigraphy at the Mead Site indicates that the Younger Dryas period was not one o f  simply 
windier conditions, loess deposition, and no surface vegetation. Rather the stratigraphy records a complex 
record o f soil formation, sand deposition, and more soil formation. The low deposition rate calculated for 
this period (see Table 4.14) indicates that loess deposition was much less than during the preceding or
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following periods. The paleosol complexes evident at the site indicate discrete periods o f  soil formation 
which were most likely followed by periods o f  loess deposition. The paleosols are all Ab horizons with no 
evidence o f accompanying B horizon formation, indicating that these surface soils underwent limited 
weathering before they were removed from the soil forming processes. The lack o f weathering evident in 
the paleosols is the result o f the very dry climate during the YD; if  little water was available then little 
weathering would have occurred.
Figure 5.2- Calibrated Dates and Ice Core Data 
From (Alley 2004; Weninger, et al. 2011)
Figure 5.3 Cultural Zones and Climate Change (unless noted otherwise, all proxy data is in relation to modern conditions) 
1 2 From (Holmes 2008)
3From (Alley 2004; Beget 2001, Edwards, et al. 2001; Mason and Beget 1991; Mason, et al. 2001; O'Brien, et al. 1995; 
Rasmussen, et al. 2007)
4 5 6From (Abbott, et al. 2000; Ager 1975; Anderson and Brubaker 1993; Bigelow and Powers 2001; Edwards, et al. 2001; 
Edwards, et al. 2000)
U>'O
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Paleosols are generally thought to form during periods o f climate amelioration, when the 
environmental conditions are stable enough for surface vegetation to become established, but the paleosols 
at the Mead Site do not follow this pattern. These formed during the YD event, and the CZ 3 remains are 
directly associated with them. While there must have been stable environmental conditions for the 
paleosols to form, it does not appear that these occurred during warmer and wetter conditions. This 
indicates that the relationship between warmer (and moist) conditions associated with paleosol formation 
needs to be examined further.
The abandonment o f  the site immediately following CZ 3 correlates with the end o f the YD and 
the beginning o f the HTM. This correlation indicates that climate may have been a factor in the occupations 
composing CZ 3. Yesner (2001) notes a large depositional event during the mid-Holocene which accounts 
for increased loess accumulation and the sand lens seen at Broken Mammoth. This may be a result o f  the 
8.2K event, which would account for the increase in the loess accumulation also evident at the Mead Site 
during this time.
The Salix charcoal present in Feature 4 from CZ 3 is important as it indicates that the humans who 
created this hearth did not necessarily have to utilized bones and oil for fuel, and that CZ 3 may predate 
Populus expansion into the area. It is hypothesized that, as Populus is a more efficient and cost effective 
fuel source than Salix, Populus would be utilized before Salix if  it were available. Since not one, but all 
three wood samples from Feature 4 returned id’s o f  Salix, it can be hypothesized that Populus was not used 
as it was not yet available in the area, and it gives evidence that Salix was an adequate fuel source for 
certain situations.
Unfortunately, Salix grows in multiple forms and in a variety o f  different plant communities, 
therefore not much can be hypothesized (from its presence in the hearth) regarding the vegetation 
community that was present at the site when feature 3 was created. For example, Salix alaskensis can range 
from a low ground shrub to 9 m tall trees (Viereck and Little Jr. 2007), and Salix glauca grows in both dry 
and moist dwarf-shrub tundra communities as well as peat lands and dry upland communities (Hoffecker 
and Elias 2007).
If viewing the upper three components as separate cultural events, CZ 2 does not appear to 
correlate with ameliorating climate conditions, as the proxy records indicate that this period was one o f a 
cooler and wetter climate. This also is true for CZ lb. CZla occurred during a warmer and wetter time, and 
so conditions may have been more conducive to habitation than the preceding period. These correlations 
between CZ la, lb, 2, and climate change are, however, tenuous as the geoarchaeological data indicates 
that advanced mixing o f  the upper horizons has taken place. The designation o f these cultural zones as 
discrete components is misleading.
Having stated the degree of post-depositional disturbance in the upper CZ’s, something can be 
said regarding the abandonment o f the site, as the calibrated dates indicate that the site was not utilized
141
from approximately 5,000 to 1,500 cal yr BP. While the climate proxy data does indicate that wild fires 
were more frequent during this time and that black spruce numbers may have increased, the regional 
radiocarbon chronology indicates that the Tanana River Basin was occupied continuously throughout the 
Holocene, and that in fact there was a population increase during this period (Potter 2008d). Potter (2008d) 
however, note that during this time there was a change in land-use strategies resulting in an increase in the 
use o f upland areas and a decrease in the use o f  lowland areas after 6,200 cal BP. The lack o f cultural 
remains from the mid to late Holocene at the Mead (situated in a lowland setting) supports this hypothesis.
When compared to the different environmental and depositional environments found at Broken 
Mammoth and at Swan Point, the Mead Site occupies the middle ground between these two settings.
Unlike Broken Mammoth which is located on a very high bluff directly overlooking the Tanana River, 
Mead is set back just over 1km from the river channel, but probably received more depositional input from 
the Tanana than Swan Point did, which is located approximately 10km from the river. Mead does not have 
the spectacular viewshed o f the Tanana River, as Broken Mammoth does, but does overlook the flats of  
Shaw Creek and could have been used as a lookout. Future studies could examine the relationship between 
these differences and occupations at the sites for a broader understanding o f the variables influencing 
prehistoric occupation in the Tanana Valley.
When viewed through the lens o f  climate determinalism, the cultural zones at the Mead Site 
correlate closer with cooler climate than with warmer climate. This correlation is not a new one and has 
been put forward by other investigators. Mason et al. (2001) examined the relationship o f Denali Complex 
sites with past changes in climate and ecology in Alaska. The authors note that the Denali Complex was 
present in Alaska at least 2000 yrs before the Milankovitch Maximum and the spread o f the boreal spruce 
forest. They present a correlation between the peak in the number o f Denali sites and the Younger Dryas 
and an inverse relationship between the Milankovitch Maximum and Denali site frequency, indicating a 
negative correlation between increased population and warmer climate. They hypothesis that the increase in 
population during the colder times is due to better hunting conditions. Important to this relationship is the 
increase in valley bottom sites during the YD, and the hypothesized increased reliance on caribou. The 
Mead Site is a valley bottom site, and while the faunal analysis has not been conducted and no 
technocomplex designation has been assigned to the cultural zones at the site, CZ 3 fits the pattern 
hypothesized by Mason et al. (2001).
The significance o f this correlation, however, is undetermined. Correlation does not equal 
causation, but some hypothesis can be put forward regarding this trend. If it is assumed there is a real 
positive link between colder climate and occupation at the Mead Site, what does this imply for the rest of  
the Tanana River Valley and, expanding in scale, eastern Beringia? Were people moving from the northern 
portions o f  Beringia during these times to the Tanana Valley because, even though it was colder than 
present, it was perhaps warmer than more northerly latitudes? Is this correlation a reflection o f  some other
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variable, such as animal migration, which resulted in the occupations at the site? Or is this relationship 
simply the result o f  random migration movement that just happens to correspond with colder climate? The 
answers to these questions are beyond the scope o f this project, but they warrant future investigation.
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Appendix A
Micromorphology and Thin Section Descriptions
Slide 2.1 C2b:
Microstructure and Porosity:
Compact grain microstructure with weak separation that gives way to granular with platy overprint in 
top 1/3 o f slide. Majority o f  voids are complex packing as well as planes and regular vughes.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fme related distribution 
pattern is single spaced to close porphyric. Rare feldspar minerals observed throughout. Roots in various 
stages o f  decomposition evident Majority o f  Magnetite is un weathered, micromass is yellowish brown 
speckled clay and b-fabric is random undifferentiated stipple-speckled.
3 Pedofeatures:
Calcite (calcitic crystallitic) infillings and rare nodules observed mainly in bottom half o f slide. 
Clay concentrations occur in the forms o f void and grain coatings, with rare linear concentrations or 
papules.
Slide 2.2 C2b:
1 Microstructure and Porosity:
Compact grain microstructure with weak separation develops a platy overprint in top 1/2 o f slide. 
Majority o f voids regular vughes. Rare unaccommodated planes.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is single spaced to close porphyric. Rare feldspar minerals observed throughout. Plant residues and 
roots in class 0-2 observed. Majority o f magnetite is moderately weathered, micromass is yellowish brown 
speckled clay and stipple-speckled b-fabric. Clay concentrations in the form o f void and grain coatings and 
rare linear concentrations or papuaes observed.
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3 Pedofeatures:
Calcite (calcitic crystallitic) infillings nodules and coatings observed. Clay concentrations occur in 
the forms o f void and grain coatings, with rare linear concentrations or papules.
Slide 3.1 C2b:
1 Microstructure and Porosity:
Compact grain microstructure with weak separation in lower 1/3 o f  slide that gives way to granular 
with platy overprint in mid 1/3 o f slide that gives way to compact grain in upper 1/3 o f slide. Majority of  
voids in the form o f vughs with few horizontal unaccommodated plane.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fme related distribution 
pattern is close porphyric to single spaced. Rare feldspar minerals observed throughout. Organic material 
observed were roots (class 0-2), organic residue and charcoal fragments and particles. More organics 
observed than in proceeding slide. Basic distribution pattern is random with a smooth angular to subangular 
coarse fraction. Majority o f magnetite is moderately weathered, rare biotite; micromass is yellowish brown 
speckeled clay and stipple-speckled b-fabric.
3 Pedofeatures:
Loose continuous infillings o f  larger (1mm) vughs with calcium carbonate and soil biota 
excrement. Calcite loose continuous infillings increase in upper 1/2 o f  slide. A single passage feature was 
observed in mid-slide. Clay concentrations occur in the forms o f void and grain coatings, with rare linear 
concentrations or papules.
Slide 3.2 C2b with Paleosols:
1 Microstructure and Porosity:
Compact grain microstructure with platy overprint. Majority o f voids are vughs with rare horizontal 
unaccommodated plane voids.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is close porphyric to single spaced with the coarse grains exhibiting oblique alignment. Rare 
feldspar minerals observed throughout. Organic material observed were roots (class 0-1), and plant 
residues. Basic distribution pattern is random with a smooth angular to subangular coarse fraction. Majority
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o f magnetite is moderately weathered; micromass is yellowish brown speckeled clay and stipple-speckled 
b-fabric.
3 Pedofeatures:
Loose continuous infillings o f vughs with soil biota excrement. Passage features are rare. 
Nodules and coatings also observed. Clay concentrations occur in the forms o f void and grain coatings, 
with rare linear concentrations or papules.
Slide 4.1 C2b with Paleosol Stringers:
1 Microstructure and Porosity:
Compact grain microstructure with weak separation and a platy overprint observed throughout the 
slide. Voids in the form o f vughs and horizontal unaccommodated planes are common throughout.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is close porphyric to single spaced. Rare feldspar minerals observed throughout. Organic material 
observed were roots (class 0-4), and plant residues. Basic distribution pattern is random with a smooth 
angular to subangular coarse fraction. Some indication o f a loose horizontal orientation o f the coarse 
fraction at the top o f the slide. Smaller particle size in the coarse fraction than slide 3.2. Majority of 
magnetite is unweathered; micromass is yellowish brown clay with stipple-speckled b-fabric. Clay 
concentrations occur in the forms o f void and grain coatings, with rare linear concentrations or papules.
3 Pedofeatures:
Loose continuous infillings o f larger (1 mm) vughs with calcium carbonate and soil biota 
excrement. Fe oxide hypo-coatings were observed.
Slide 4.2 C2b and C2b:
1 Microstructure and Porosity:
Compact grain microstructure with a platy overprint. Majority o f  voids in the form o f vughs and 
horizontal unaccommodated plane with few to rare channel voids.
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2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica; top 1/3 o f slide is more unoriented than 
rest o f slide. The coarse/fine related distribution pattern is close porphyric to single spaced, with the coarse 
grains exhibiting oblique alignment; upper 1/3 o f slide has an increase in the coarse fraction. Rare feldspar 
minerals observed throughout. Organic materials observed were in the form o f plant residues, no 
distinguishable roots were observed. Basic distribution pattern is random with a smooth angular to 
subangular coarse fraction. Majority o f magnetite is weathered,; micromass is yellowish brown clay with a 
stipple-speckled b-fabric. Clay concentrations occur in the forms o f void and grain coatings, with rare 
linear concentrations or papules. Paleosol is expressed as elongated organics with horizontal orientation 
and rare round organic aggregates.
3 Pedofeatures:
Infillings, nodules and coatings observed. Loose continuous infillings o f larger (1mm) vughs with 
calcium carbonate and soil biota excrement. Fe oxide hypocoatings, calcium carbonate infillings, and 
needle fiber calcite are all present. Passage features observed.
Slide 5.1 C2b:
1 Microstructure and Porosity:
Compact grain microstructure to compact granular with platy overprint. Mid section o f slide exhibits a 
platy microstructure. Majority o f  voids in the form o f vughs, with few horizontal unaccommodated planes 
and channel voids.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is close porphyric to single spaced. Rare feldspar minerals observed throughout. Organic material 
observed were charcoal, plant residue and tissue. Basic distribution pattern is random with a smooth 
angular to subangular coarse fraction. Majority o f  magnetite is weathered; micromass is stipple-speckled b- 
fabric. Clay concentrations occur in the forms o f void and grain coatings, with rare linear concentrations or 
papules.
3 Pedofeatures:
Infillings, nodules and coatings observed. Fe oxide hypocoatins and calcium carbonate infillings.
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1 Microstructure and Porosity:
Compact grain microstructure with platy overprint. Voids were observed in the form o f regular vughs 
and unaccommodated planes
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fme related distribution 
pattern is close porphyric to single spaced with the coarse grains exhibiting oblique alignment. Rare 
feldspar minerals observed throughout. Organic material observed were roots (class 1-4), plant residue and 
tissue. Basic distribution pattern is random with a smooth angular to subangular coarse fraction. Majority o f  
magnetite is weathered; micromass is stipple-speckled b-fabric. Clay concentrations occur in the forms o f  
void and grain coatings, with rare linear concentrations or papules.
3 Pedofeatures:
Infillings, nodules and coatings observed. Fe oxide hypocoatings and calcium carbonate infillings, 
and rare needle fiber calcite observed.
Slide 7.1 C2a, sand, contact with Cl:
1 Microstructure and Porosity:
Compact grain microstructure with a platy overprint. Majority o f voids in the form o f vughs with few 
horizontal unaccommodated plan and channel voids.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is close porphyric to single spaced with the coarse grains exhibiting oblique alignment. Rare 
feldspar minerals observed throughout. Organic materials observed were very frequent large roots (class 0­
1). Basic distribution pattern is random with a smooth angular to subangular coarse fraction. Majority of  
magnetite is weathered; micromass is stipple-speckled b-fabric. Clay concentrations occur in the forms o f  
void and grain coatings, with rare linear concentrations or papules.
3 Pedofeatures:
Infillings, nodules and coatings observed. Fe oxide hypocoatings and calcium carbonate infillings 
in vughs and channel voids
Slide 5.2 C2b and C2a:
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Slide 7.2 C2a, Sand, contact with Cl:
1 Microstructure and Porosity:
Compact grain microstructure with platy overprint in bottom 1/2 o f  slide, to compact granular mid 
slide, to compact granular with platy overprint in top 1/2 o f  slide. Majority o f  voids in the form o f vughs 
with few unaccomodated plan and channel voids.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is open porphyric to single spaced with the coarse grains exhibiting oblique alignment. Organic 
materials observed were plant residue, roots (class 1-3), bone fragments and charcoal. Basic distribution 
pattern is random with a smooth angular to subangular coarse fraction. Majority o f  magnetite is weathered; 
micromass is stipple-speckled b-fabric. Clay concentrations occur in the forms o f void and grain coatings, 
with rare linear concentrations or papules.
3 Pedofeatures:
Loose continuous infillings, nodules, frost shattered aggregates, and coatings observed. Fe oxide 
hypocoatings and calcium carbonate infillings in vughs and channel voids
Slide 7.3 C2b:
1 Microstructure and Porosity:
Compact grain microstructure with platy overprint. Majority o f voids in the form o f vughs and 
unaccommodated plane. Areas with higher concentrations o f  organic material exhibited a stronger platy 
microstructure.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is close porphyric to single spaced, with the coarse grains exhibiting oblique alignment. Very 
frequent organic material was observed in the form o f roots, (class 1-4), charcoal, charred tissue and bone. 
Basic distribution pattern is random with a smooth angular to subangular coarse fraction. Majority o f  
magnetite is moderately weathered; micromass is random to banded stipple-speckled b-fabric. Clay 
concentrations occur in the forms o f void and grain coatings, with rare linear concentrations or papules.
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3 Pedofeatures:
Loose discontinuous infillings, nodules, coatings, pendent external hypocoatings, and frost 
shattered aggregates were observed. Fe oxide hypocoatings and calcium carbonate infillings in vughs and 
channel voids. The pendent external hypocoatings are found on vughs and charcoal.
Slide 12.1 B2 and B3 (clay lamella):
1 Microstructure and Porosity:
Microstructure is a lenticular platy to subangular blocks where the clay lamella is found. Voids are 
found in the form o f vughs, unaccommodated planes, and common channel voids.
2 Groundmass:
Unoriented angular to subangular silt sized quartz and mica. The coarse/fine related distribution 
pattern is close porphyric to single spaced, with the coarse grains exhibiting oblique alignment. Roots, 
(class o-4), charcoal, and plant residue observed. Basic distribution pattern is random with a smooth 
angular to subangular coarse fraction. Majority o f magnetite is highly weathered; micromass is random to 
banded stipple-speckled b-fabric. Clay concentrations occur in the forms o f void, grain coatings, linear 
concentrations, and rare papules.
3 Pedofeatures:
Loose discontinuous infillings, nodules, coatings, passage features, and frost shattered aggregates 
were observed. Fe oxide hypocoatings and calcium carbonate infillings in vughs and channel voids.
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Appendix B 
Magnetic Susceptibility 
Table B l - Magnetic susceptibility Sample Location Information
Sample #
Depth
(cmbd)
Depth
(cmbs)
1
North
North
North
North
North
2
3
195 5 188 54
5
6
7 186 5 179 5
8
181 5 174 59
168 5 61 5
164 5 157 5
157 5 150 5
152 5 145 5
143 5 136 5
25
26
1375 130 527
28
132 5 125 5
127 5 120 5
113 5120 5
111
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
36 115 5 108 5 North W34
37 113 106 North W34
38 1105 103 5 North W34
39 108 101 North W34
40 106 99 North W34
41 104 97 North W34
42 102 5 95 5 North W34
43 100 93 North W34
44 97 5 90 5 North W34
45 95 5 88 5 1 North W34
46 93 86 1 North W34
47 90 83 1 North W34
48 88 5 81 5 1 North W34
49 87 5 80 5 1 North W34
50 85 78 1 North W34
51 82 5 75 5 1 North W34
52 80 73 1 North W34
53 78 71 1 North W34
54 75 5 68 5 1 North W34
55 72 5 65 5 1 North W34
56 70 5 63 5 1 North W34
57 67 5 60 5 1 North W34
58 65 58 1 North W34
59 62 55 1 North W34
60 60 5 53 5 1 North W34
61 57 5 50 5 1 North W34
62 55 5 48 5 1 North W34
63 52 5 45 5 1 North W34
64 50 43 1 North W34
65 48 41 I North W34
66 45 5 38 5 I North W34
67 43 36 1 North W34
68 40 5 33 5 1 North W34
69 38 5 31 5 I North W34
70 36 29 1 North W34
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Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
71 33 5 26 5 North W34
72 31 24 North W34
73 28 5 21 5 1 North W34
74 26 19 North W34
75 24 17 North W34
76 22 15 1 North W34
77 19 12 North W34
78 17 10 North W34
79 14 5 75 1 North W34
80 12 5 North W34
81 9 5 25 North W34
82 7 0 1 North W34
83 138 134 2 North E32
84 133 129 2 North E32
85 131 127 2 North E32
86 129 125 2 North E32
87 126 5 122 5 2 North E32
88 124 5 120 5 2 North E32
89 122 118 2 North E32
90 119 5 115 5 2 North E32
91 117 113 2 North E32
92 1145 1105 2 North E32
93 122 118 2 North E32
94 109 5 105 5 2 North E32
95 107 5 103 5 2 North E32
96 105 101 2 North E32
97 102 5 98 5 2 North E32
98 100 96 2 North E32
99 98 94 2 North E32
100 95 5 91 5 2 North E32
101 92 5 88 5 2 North E32
102 90 5 86 5 2 North E32
103 88 84 2 North E32
104 85 5 81 5 2 North E32
105 83 79 2 North E32
106 80 5 76 5 2 North E32
107 78 5 74 5 2 North E32
108 76 72 2 North E32
109 73 5 69 5 2 North E32
UO 71 67 2 North E32
111 68 5 64 5 2 North E32
112 66 62 2 North E32
113 63 5 59 5 2 North E32
114 61 5 57 5 2 North E32
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
115 59 55 2 North E32
116 56 5 52 5 2 North E32
117 54 5 50 5 2 North E32
118 52 48 2 North E32
119 50 46 2 North E32
120 47 5 43 5 2 North E32
121 45 41 2 North E32
122 42 5 38 5 2 North E32
123 40 36 2 North E32
124 37 5 33 5 2 North E32
125 35 31 2 North E32
126 32 5 28 5 2 North E32
127 30 5 26 5 2 North E32
128 28 24 2 North E32
129 25 5 21 5 2 North E32
130 23 19 2 North E32
131 20 5 16 5 2 North E32
132 18 14 2 North E32
133 15 5 11 5 2 North E32
134 13 5 9 5 2 North E32
135 11 7 2 North E32
136 8 5 4 5 2 North E32
137 6 2 2 North E32
138 4 0 2 North E32
139 166 155 3 East E52
140 161 150 3 East E52
141 159 148 3 East E52
142 156 5 145 5 3 East E52
143 154 143 3 East E52
144 151 5 140 5 3 East E52
145 149 138 3 East E52
146 146 5 1355 3 East E52
147 144 133 3 East E52
148 142 131 3 East E52
149 1395 128 5 3 East E52
150 137 126 3 East E52
151 135 124 3 East E52
152 132 5 121 5 3 East E52
153 130 119 3 East E52
154 127 5 1165 3 East E52
155 125 5 1145 3 East E52
156 123 5 112 5 3 East E52
157 120 109 3 East E52
158 118 107 3 East E52
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Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
159 115 104 3 East E52
160 113 102 3 East E52
161 1105 99 5 3 East E52
162 108 5 97 5 East E52
163 106 5 95 5 East E52
164 104 93 East E52
165 101 5 90 5 3 East E52
166 98 5 87 5 3 East E52
167 96 5 85 5 East E52
168 93 5 82 5 East E52
169 91 5 80 5 East E52
170 89 78 East E52
171 86 5 75 5 East E52
172 84 73 3 East E52
173 81 5 70 5 3 East E52
174 79 5 68 5 3 East E52
175 77 66 3 East E52
176 74 5 63 5 East E52
177 72 5 61 5 East E52
178 70 5 59 5 East E52
179 68 57 3 East E52
180 65 5 54 5 3 East E52
181 63 52 3 East E52
182 60 5 49 5 3 East E52
183 58 47 3 East E52
184 55 5 44 5 East E52
185 53 5 42 5 East E52
186 51 40 3 East E52
187 48 5 37 5 3 East E52
188 46 35 3 East E52
189 43 5 32 5 3 East E52
190 41 5 30 5 3 East E52
191 39 28 3 East E52
192 37 26 3 East E52
193 34 23 3 East E52
194 31 5 20 5 3 East E52
195 29 18 3 East E52
196 26 15 3 East E52
197 23 5 125 3 East E52
198 21 5 105 3 East E52
199 18 5 7 5 3 East E52
200 16 5 3 East E52
201 13 5 2 5 3 East E52
202 11 0 3 East E52
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
203 179 159 4 South E44
204 176 156 4 South E44
205 173 5 153 5 4 South E44
206 171 151 4 South E44
207 168 5 148 5 4 South E44
208 166 146 4 South E44
209 164 144 4 South E44
210 161 5 141 5 4 South E44
211 159 5 139 5 4 South E44
212 156 5 136 5 4 South E44
213 154 5 134 5 4 South E44
214 152 132 4 South E44
215 149 5 129 5 4 South E44
216 147 127 4 South E44
217 144 5 124 5 4 South E44
218 142 122 4 South E44
219 139 5 119 5 4 South E44
220 137 117 4 South E44
221 134 5 1145 4 South E44
222 132 112 4 South E44
223 130 110 4 South E44
224 127 5 107 5 4 South E44
225 125 5 105 5 4 South E44
226 123 103 4 South E44
227 120 5 100 5 4 South E44
228 118 98 4 South E44
229 115 95 4 South E44
230 1125 92 5 4 South E44
231 110 90 4 South E44
232 107 5 87 5 4 South E44
233 105 85 4 South E44
234 l(f2 5 82 5 4 South E44
235 100 80 4 South E44
236 97 5 77 5 4 South E44
237 95 75 4 South E44
238 92 5 72 5 4 South E44
239 90 70 4 South E44
240 87 5 67 5 4 South E44
241 85 65 4 South E44
242 82 5 62 5 4 South E44
243 80 60 4 South E44
244 77 5 57 5 4 South E44
245 75 55 4 South E44
246 73 53 4 South E44
177
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
247 70 5 50 5 4 South E44
248 68 48 4 South E44
249 65 5 45 5 4 South E44
250 63 5 43 5 4 South E44
251 61 41 4 South E44
252 59 39 4 South E44
253 56 5 36 5 4 South E44
254 54 34 4 South E44
255 51 5 31 5 4 South E44
256 49 5 29 5 4 South E44
257 47 27 4 South E44
258 44 24 4 South E44
259 41 5 21 5 4 South E44
260 39 19 4 South E44
261 36 5 165 4 South E44
262 34 14 4 South E44
263 31 5 11 5 4 South E44
264 29 5 9 5 4 South E44
265 27 7 4 South E44
266 25 5 4 South E44
267 22 5 2 5 4 South E44
268 20 0 4 South E44
269 165 5 138 5 5 South E46
270 162 5 135 5 5 South E46
271 160 133 5 South E46
272 157 130 5 South E46
273 155 128 5 South E46
274 151 5 124 5 5 South E46
275 149 5 122 5 5 South E46
276 146 5 1195 5 South E46
277 144 5 1175 5 South E46
278 142 5 115 5 5 South E46
279 140 5 113 5 5 South E46
280 138 5 111 5 5 South E46
281 135 5 108 5 5 South E46
282 132 105 5 South E46
283 130 5 103 5 5 South E46
284 128 101 5 South E46
285 125 5 98 5 5 South E46
286 123 96 5 South E46
287 120 5 93 5 5 South E46
288 118 91 5 South E46
289 116 89 5 South E46
290 113 5 86 5 5 South E46
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile W all Block
291 1105 83 5 5 South E46
292 108 5 81 5 South E46
293 106 79 South E46
294 103 5 76 5 5 South E46
295 101 74 South E46
296 98 5 71 5 South E46
297 96 69 South E46
298 94 67 5 South E46
299 91 64 South E46
300 89 62 South E46
301 86 5 59 5 South E46
302 83 5 56 5 5 South E46
303 81 5 54 5 5 South E46
304 78 5 51 5 South E46
305 76 49 South E46
306 73 5 46 5 5 South E46
307 71 44 5 South E46
308 69 42 South E46
309 66 5 39 5 5 South E46
310 64 37 5 South E46
311 61 5 34 5 5 South E46
312 59 32 South E46
313 57 30 5 South E46
314 54 5 27 5 5 South E46
315 51 5 24 5 5 South E46
316 49 22 5 South E46
317 46 5 195 5 South E46
318 44 5 175 5 South E46
319 42 15 5 South E46
320 39 12 5 South E46
321 37 10 5 South E46
322 34 5 7 5 5 South E46
323 32 5 5 South E46
324 29 5 2 5 5 South E46
325 27 0 5 South E46
326 146 5 138 5 6 North E46
327 143 135 6 North E46
328 140 132 6 North E46
329 138 5 130 5 6 North E46
330 135 5 127 5 6 North E46
331 133 125 6 North E46
332 131 123 6 North E46
333 128 120 6 North E46
334 126 118 6 North E46
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Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
335 123 5 115 5 6 North E46
336 121 5 113 5 6 North E46
337 119 111 6 North E46
338 117 109 6 North E46
339 115 107 6 North E46
340 112 104 6 North E46
341 109 5 101 5 6 North E46
342 107 5 99 5 6 North E46
343 104 96 6 North E46
344 101 5 93 5 6 North E46
345 99 5 91 5 6 North E46
346 97 89 6 North E46
347 94 5 86 5 6 North E46
348 92 84 6 North E46
349 89 5 81 5 6 North E46
350 87 79 6 North E46
351 85 77 6 North E46
352 80 5 72 5 6 North E46
353 90 82 6 North E46
354 77 5 69 5 6 North E46
355 75 67 6 North E46
356 73 65 6 North E46
357 70 5 62 5 6 North E46
358 67 5 59 5 6 North E46
359 65 5 57 5 6 North E46
360 63 55 6 North E46
361 60 5 52 5 6 North E46
362 58 5 50 5 6 North E46
363 55 5 47 5 6 North E46
364 53 5 45 5 6 North E46
365 51 43 6 North E46
366 48 5 40 5 6 North E46
367 46 38 6 North E46
368 43 5 35 5 6 North E46
369 41 5 33 5 6 North E46
370 38 5 30 5 6 North E46
371 35 5 27 5 6 North E46
372 33 5 25 5 6 North E46
373 31 23 6 North E46
374 28 20 6 North E46
375 25 5 175 6 North E46
376 23 5 15 5 6 North E46
377 20 5 125 6 North E46
378 18 10 6 North E46
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
379 16 8 6 North E46
380 13 5 6 North E46
381 10 5 2 5 6 North E46
382 8 0 6 North E46
383 183 146 5 7 West E26
384 180 5 144 7 West E26
385 178 141 5 7 West E26
386 175 5 139 7 West E26
387 173 136 5 7 West E26
388 170 5 134 7 West E26
389 167 5 131 7 West E26
390 165 128 5 7 West E26
391 162 125 5 7 West E26
392 159 122 5 7 West E26
393 156 5 120 7 West E26
394 154 1175 7 West E26
395 151 5 115 7 West E26
396 149 5 113 7 West E26
397 146 5 110 7 West E26
398 144 107 5 7 West E26
399 141 5 105 7 West E26
400 139 102 5 7 West E26
401 137 100 5 7 West E26
402 134 5 98 7 West E26
403 132 95 5 7 West E26
404 129 92 5 7 West E26
405 126 5 90 7 West E26
406 123 5 87 7 West E26
407 120 5 84 7 West E26
408 1185 82 7 West E26
409 1165 80 7 West E26
410 114 77 5 7 West E26
411 111 74 5 7 West E26
412 108 5 72 7 West E26
413 105 5 69 7 West E26
414 103 5 67 7 West E26
415 100 5 64 7 West E26
416 97 5 61 7 West E26
417 95 58 5 7 West E26
418 92 5 56 7 West E26
419 90 53 5 7 West E26
420 88 51 5 7 West E26
421 85 5 49 7 West E26
422 82 5 46 7 West E26
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Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
423 80 5 44 7 West E26
424 78 41 5 7 West E26
425 75 5 39 7 West E26
426 73 36 5 7 West E26
427 70 5 34 7 West E26
428 67 5 31 7 West E26
429 65 5 29 7 West E26
430 63 26 5 7 West E26
431 60 5 24 7 West E26
432 58 21 5 7 West E26
433 55 185 7 West E26
434 52 5 16 7 West E26
435 49 5 13 7 West E26
436 47 10 5 7 West E26
437 44 7 5 7 West E26
438 41 5 7 West E26
439 39 2 5 7 West E26
440 36 5 0 7 West E26
441 147 136 5 8 North W24
442 144 133 5 8 North W24
443 141 130 5 8 North W24
444 138 5 128 8 North W24
445 135 124 5 8 North W24
446 133 5 123 8 North W24
447 131 120 5 8 North W24
448 129 5 119 8 North W24
449 126 5 116 8 North W24
450 124 113 5 8 North W24
451 121 5 111 8 North W24
452 119 5 109 8 North W24
453 117 106 5 8 North W24
454 115 5 105 8 North W24
455 111 5 101 8 North W24
456 108 5 98 8 North W24
457 106 95 5 8 North W24
458 104 93 5 8 North W24
459 101 5 91 8 North W24
460 99 88 5 8 North W24
461 97 86 5 8 North W24
462 94 5 84 8 North W24
463 92 5 82 8 North W24
464 89 5 79 8 North W24
465 87 76 5 8 North W24
466 84 5 74 8 North W24
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
467 82 5 72 8 North W24
468 80 69 5 8 North W24
469 77 66 5 8 North W24
470 74 5 64 8 North W24
471 72 5 62 8 North W24
472 70 59 5 8 North W24
473 67 5 57 8 North W24
474 64 5 54 8 North W24
475 62 51 5 8 North W24
476 60 49 5 8 North W24
477 57 5 47 8 North W24
478 55 44 5 8 North W24
479 52 5 42 8 North W24
480 50 39 5 8 North W24
481 47 36 5 8 North W24
482 45 5 35 8 North W24
483 42 31 5 8 North W24
484 40 29 5 8 North W24
485 37 26 5 8 North W24
486 34 5 24 8 North W24
487 32 5 22 8 North W24
488 30 195 8 North W24
489 27 5 17 8 North W24
490 25 14 5 8 North W24
491 22 5 12 8 North W24
492 20 95 8 North W24
493 18 7 5 8 North W24
494 15 5 5 8 North W24
495 13 2 5 8 North W24
496 105 0 8 North W24
497 145 5 133 9 West W24
498 142 5 130 9 West W24
499 140 127 5 9 West W24
500 138 125 5 9 West W24
501 135 5 123 9 West W24
502 133 120 5 9 West W24
503 130 5 118 9 West W24
504 128 5 116 9 West W24
505 126 113 5 9 West W24
506 123 5 111 9 West W24
507 121 108 5 9 West W24
508 119 106 5 9 West W24
509 1165 104 9 West W24
510 114 101 5 9 West W24
Sample #
Depth
(cmbd)
Depth
(cmbs) Profile Wall Block
511 111 5 99 9 West W24
512 109 5 97 9 West W24
513 107 94 5 9 West W24
514 105 92 5 9 West W24
515 103 90 5 9 West W24
516 100 87 5 9 West W24
517 97 5 85 9 West W24
518 95 5 83 9 West W24
519 93 80 5 9 West W24
520 91 78 5 9 West W24
521 88 75 5 9 West W24
522 86 73 5 9 West W24
523 83 5 71 9 West W24
524 81 5 69 9 West W24
525 79 66 5 9 West W24
526 76 5 64 9 West W24
527 74 5 62 9 West W24
528 72 59 5 9 West W24
529 69 5 57 9 West W24
530 67 5 55 9 West W24
531 65 52 5 9 West W24
532 62 5 50 9 West W24
533 60 47 5 9 West W24
534 58 45 5 9 West W24
535 55 5 43 9 West W24
536 53 40 5 9 West W24
537 50 5 38 9 West W24
538 48 35 5 9 West W24
539 45 5 33 9 West W24
540 43 5 31 9 West W24
541 40 5 28 9 West W24
542 38 5 26 9 West W24
543 36 23 5 9 West W24
544 33 5 21 9 West W24
545 31 5 19 9 West W24
546 29 5 17 9 West W24
547 27 14 5 9 West W24
548 24 5 12 9 West W24
549 22 9 5 9 West W24
550 19 5 7 9 West W24
551 17 4 5 9 West W24
552 14 5 2 9 West W24
553 125 0 9 West W24
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Table B-2 Magnetic Susceptibility Data and Calculations
Low Freauencv High Frequency
MS
#
K
LF
Air
1 K l f
K
LF
Air
2
K l f
(Corr)
k  h f  
A ir 
1 k  h f
k  h f  
Air 
2
k  h f  
Corr)
Net
Mass
(g) g/cc
P
k g / m 3
z
k / p
z
f d
% Strat
1 0 3 2197 1 2 21895 -0 4 2145 -1 2 215 30 7 10 0 89 887 5 0 2467 1 67 C5
2 0 3 184 8 1 3 184 00 -0 5 180 2 -1 1 181 00 7 78 0 97 972 5 0 1892 1 63 C5
3 0 3 548 7 1 2 547 95 -1 1 540 8 -1 6 542 15 9 56 1 20 1195 0 4585 1 06 C5
4 1 2 251 4 2 0 249 80 -0 1 245 9 -0 4 246 15 8 97 1 12 1121 25 0 2228 1 46 C5
5 0 2 301 9 1 1 301 25 -0 4 297 0 -0 4 297 40 8 84 1 11 1105 0 2726 1 28 C5
6 1 1 161 3 2 0 159 75 -0 4 156 7 -0 4 157 10 8 37 I 05 1046 25 0 1527 1 66 C5
7 0 2 153 4 1 0 152 80 -0 4 149 5 -0 1 149 75 6 68 0 84 835 0 1830 2 00 C5
8 1 0 185 1 2 0 183 60 -0 1 180 9 0 4 180 75 1037 1 30 1296 25 0 1416 1 55 C4
9 0 4 222 3 1 5 221 35 0 6 2186 2 2 21720 9 74 1 22 12175 0 1818 1 87 C4
10 0 9 188 7 1 5 187 50 1 0 186 8 1 5 185 55 10 67 1 33 1333 75 0 1406 1 04 C4
11 0 2 267 8 0 9 267 25 0 3 263 5 1 0 262 85 10 50 1 31 13125 0 2036 1 65 C4
12 0 9 241 5 1 5 240 30 1 0 238 9 1 9 237 45 9 34 1 17 1167 5 0 2058 1 19 C3
13 0 2 272 1 08 271 60 03 269 1 1 1 268 40 10 07 1 26 1258 75 02158 1 18 C3
14 0 8 2142 1 4 213 10 1 1 211 5 2 3 209 80 9 89 1 24 1236 25 0 1724 1 55 C3
15 0 2 246 9 0 8 246 40 0 1 243 3 0 8 242 85 11 03 1 38 1378 75 0 1787 1 44 C3
16 0 8 234 1 1 6 232 90 0 8 230 5 1 3 229 45 10 23 1 28 1278 75 0 1821 1 48 C3
17 0 1 234 3 0 9 233 80 0 1 230 9 0 6 230 55 9 47 1 18 1183 75 0 1975 1 39 C3
18 0 9 241 5 1 5 240 30 0 6 238 4 1 1 237 55 9 60 1 20 1200 0 2003 1 14 C3
19 0 0 264 8 05 264 55 1 1 262 7 1 6 261 35 10 54 1 32 13175 0 2008 1 21 C3
20 0 5 2100 1 2 209 15 0 0 206 7 0 2 206 60 9 42 1 18 1177 5 0 1776 1 22 C2b
21 1 2 168 9 2 0 167 30 0 2 165 6 0 6 165 20 9 73 1 22 121625 0 1376 1 26 C2b
22 0 2 176 0 0 4 175 70 0 6 173 8 0 8 173 10 8 38 1 05 1047 5 0 1677 1 48 C2b
23 0 4 245 5 1 0 244 80 0 8 245 2 1 3 244 15 9 70 1 21 1212 5 0 2019 0 27 C2b
24 1 0 169 9 1 6 168 60 -0 1 166 3 0 2 166 25 8 88 1 11 1110 0 1519 1 39 C2b
25 0 2 127 7 0 6 127 30 0 2 125 5 0 2 125 30 7 05 0 88 881 25 0 1445 1 57 C2b
27 0 2 1169 0 7 116 45 0 4 114 5 0 3 114 15 6 59 0 82 823 75 0 1414 1 98 Ps/C2b
28 0 7 112 7 1 6 111 55 0 0 110 1 1 0 109 60 7 76 0 97 970 0 1150 1 75 Ps/C2b
29 0 1 126 1 0 5 125 80 0 0 123 8 -0 2 123 90 8 65 1 08 1081 25 0 1163 1 51 Ps/C2b
30 0 5 107 8 0 7 107 20 -0 2 105 5 -0 5 105 85 7 98 1 00 997 5 0 1075 1 26 Ps/C2b
31 0 7 1352 1 1 134 30 -0 5 131 9 -0 4 132 35 9 03 1 13 1128 75 0 1190 1 45 C2b
32 0 1 94 1 03 93 90 -0 4 92 4 -0 3 92 75 7 96 1 00 995 0 0944 1 22 C2b
33 03 79 4 0 7 78 90 -0 3 77 3 -0 2 77 55 6 27 0 78 783 75 0 1007 1 71 C2b
34 0 7 1145 1 0 113 65 -0 2 111 2 0 0 111 30 6 84 0 86 855 0 1329 2 07 C2b
35 1 0 87 3 1 3 86 15 0 0 84 7 0 0 84 70 6 75 0 84 843 75 0 1021 1 68 C2b/PS
36 0 1 134 3 0 3 134 10 0 0 131 0 -0 3 131 15 8 07 1 01 1008 75 0 1329 2 20 C2b
182
Low Frequency High Frequency
MS
#
K
LF
Air
1 K l f
K
LF
Air
2
K l f
(Corr)
k  h f  
Air 
1 k  h f
k  h f
Air
2
k  h f  
Corr)
Net
Mass
(R) g/cc
P
kg/m3
X
k/p
X
f d
% Strat
37 0 3 1128 0 4 11245 -0 3 1103 -0 3 110 60 7 99 1 00 998 75 0 1126 1 65 C2b
38 0 4 126 7 0 7 126 15 -0 3 123 6 -0 5 124 00 8 43 1 05 1053 75 0 1197 1 70 C2b
39 0 7 127 8 1 1 126 90 -0 5 125 2 -0 7 125 80 8 44 1 06 1055 0 1203 0 87 C2b
40 1 1 111 6 1 3 11040 -0 7 107 9 -0 8 108 65 7 97 1 00 996 25 0 1108 1 59 C2b
41 0 2 121 7 03 121 45 -0 1 1197 -0 2 119 85 8 53 1 07 1066 25 0 1139 1 32 C2b
42 0 3 1152 0 3 114 90 -0 2 113 0 -0 3 113 25 8 69 1 09 1086 25 0 1058 1 44 C2b
43 0 3 104 6 0 4 104 25 -0 1 102 7 -0 2 102 85 8 51 1 06 1063 75 0 0980 1 34 C2b
44 0 4 1183 0 6 11780 -0 6 1167 -0 9 117 45 9 04 1 13 1130 0 1042 0 30 C2b
45 0 6 1168 0 7 116 15 -0 3 1142 -0 6 114 65 8 47 1 06 1058 75 0 1097 1 29 C2b
46 0 7 123 5 0 8 122 75 -0 8 1202 -1 1 121 15 8 90 1 11 1112 5 0 1103 1 30 C2b
47 0 8 122 7 1 0 121 80 -0 2 1195 -0 8 120 00 935 1 17 1168 75 0 1042 1 48 C2b
48 0 1 128 9 0 4 128 65 -1 0 125 6 -1 3 126 75 8 71 1 09 1088 75 0 1182 1 48 C2b
49 0 4 124 4 0 7 123 85 -0 4 121 6 -0 4 122 00 841 1 05 1051 25 0 1178 1 49
C2b/C2
a
50 0 7 108 4 0 9 107 60 -0 4 105 9 -0 1 106 15 8 86 1 11 1107 5 0 0972 1 35 C2a
51 0 9 88 9 1 1 87 90 -0 1 86 8 0 5 86 60 8 29 1 04 1036 25 0 0848 1 48 C2a
52 0 1 105 2 0 3 105 00 0 5 104 0 1 1 103 20 8 20 1 03 1025 0 1024 1 71 C2a
53 0 3 123 2 0 5 122 80 1 1 122 5 1 7 121 10 8 88 1 11 1110 0 1106 1 38 C2a
54 0 5 112 1 0 8 111 45 0 1 1102 0 9 109 70 8 58 1 07 1072 5 0 1039 1 57 C2a
55 0 8 122 3 1 0 121 40 0 9 1196 1 7 118 30 8 94 1 12 1117 5 0 1086 2 55 C2a
56 1 0 128 7 1 3 127 55 0 3 125 3 0 9 124 70 9 12 1 14 1140 0 1119 2 23 C2a
57 0 2 136 2 0 4 135 90 0 9 135 1 1 7 133 80 9 22 1 15 1152 5 0 1179 1 55 C2a
58 0 4 126 3 0 7 125 75 0 2 124 4 0 7 123 95 8 79 1 10 1098 75 0 1144 1 43 C2a
116
6
1013
0 9 115 80 0 7 116 1 1 3 115 10 8 11 1 01 75 0 1142 0 60 C2a
60 0 9 105 7 1 1 104 70 0 1 103 5 0 5 103 20 8 28 1 04 1035 0 1012 1 43 C2a
61 0 0 1183 0 1 11825 0 5 117 1 1 0 11635 8 19 1 02 1023 75 0 1155 1 61 C2a
62 0 1 1273 03 127 10 1 0 126 4 1 3 125 25 8 63 1 08 1078 75 0 1178 1 46 C2a
63 0 3 118 2 0 4 11785 02 1164 0 6 116 00 8 80 1 10 1100 0 1071 1 57 C2a
64 0 4 121 7 0 5 121 25 0 6 120 0 0 9 11925 841 1 05 1051 25 0 1153 1 65 C2a
65 0 5 96 3 0 6 95 75 0 9 95 2 1 0 94 25 8 50 1 06 1062 5 0 0901 1 57 C2a/Cl
66 0 6 94 4 0 8 93 70 1 0 93 1 1 0 92 10 8 76 1 10 1095 0 0856 1 71 Cl
67 0 8 96 3 0 9 95 45 1 0 94 4 1 3 93 25 9 13 1 14 1141 25 0 0836 2 30 C1/B2
68 0 9 101 5 0 9 100 60 -0 1 97 6 0 1 97 60 9 44 1 18 1180 0 0853 2 98 B2
69 0 9 158 7 1 0 157 75 0 1 147 2 0 2 147 05 9 16 1 15 1145 0 1378 6 78 B2
70 1 0 199 2 1 0 198 20 0 2 184 6 -0 1 184 55 8 97 1 12 1121 25 0 1768 6 89 B2
71 0 1 194 9 0 1 194 80 -0 1 181 3 0 0 181 35 9 32 1 17 1165 0 1672 6 90 B2
72 0 1 165 8 0 2 165 65 0 0 1534 0 0 153 40 8 90 1 11 11125 0 1489 7 40 B2
73 0 2 183 7 03 183 45 0 0 170 5 0 1 170 45 8 81 1 10 1101 25 0 1666 7 09 B2
74 03 189 1 03 188 80 0 1 176 0 0 1 175 90 8 26 1 03 1032 5 0 1829 6 83 B2
75 03 185 6 03 185 30 0 1 173 0 0 0 172 95 7 58 0 95 947 5 0 1956 6 66 B2
76 0 3 208 7 03 208 40 0 0 195 8 -0 2 195 90 7 83 0 98 978 75 02129 6 00 B2
77 0 3 244 2 0 4 243 85 -0 2 230 6 -0 5 230 95 8 36 1 05 1045 0 2333 5 29 B2
78 0 4 226 3 0 4 225 90 -0 5 2144 -0 4 214 85 7 68 0 96 960 0 2353 4 89 B2
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79 0 4 220 8 0 4 220 40 -0 4 209 3 -0 5 209 75 7 08 0 89 885 0 2490 4 83 B1
80 0 4 187 5 0 5 187 05 -0 5 177 6 -0 7 178 20 6 13 0 77 766 25 0 2441 4 73 Bl
81 0 3 86 8 0 4 86 45 0 1 83 2 0 9 82 70 4 19 0 52 523 75 0 1651 4 34 O/A
82 0 4 28 4 03 28 05 0 9 28 1 1 3 27 00 2 80 035 350 0 0801 3 74 O/A
83 0 3 362 6 03 362 30 0 2 359 0 1 0 358 40 10 56 1 32 1320 0 2745 1 08 C5
84 0 4 241 8 0 5 241 35 1 0 239 3 1 7 237 95 8 92 1 12 1115 0 2165 1 41 C5
85 0 5 265 7 0 4 265 25 0 2 262 3 0 9 261 75 9 84 1 23 1230 0 2157 1 32 C4
86 0 4 294 7 0 1 294 45 0 9 292 1 1 5 290 90 9 72 1 22 1215 0 2423 1 21 C3
87 0 1 252 4 -0 4 252 55 0 1 250 0 0 7 249 60 9 03 1 13 1128 75 0 2237 1 17 C3
88 -0 4 317 5 -1 1 318 25 0 7 315 5 1 1 314 60 11 09 1 39 1386 25 0 2296 1 15 C3
89 -1 1 253 3 -1 6 254 65 0 0 251 6 0 4 251 40 9 44 1 18 1180 0 2158 1 28 C2b
90 -1 9 188 9 -2 2 190 95 0 4 188 9 0 7 188 35 9 08 1 14 1135 0 1682 1 36 C2b
91 -2 2 163 9 -2 2 166 10 0 7 164 6 1 0 163 75 8 72 1 09 1090 0 1524 1 41 C2b
92 0 0 179 7 0 3 179 55 0 0 177 1 0 2 177 00 8 43 1 05 1053 75 0 1704 1 42 C2b
93 0 2 1592 1 0 158 60 0 2 1584 0 2 158 20 8 44 1 06 1055 0 1503 0 25 C2b
94 0 2 126 7 0 9 126 15 0 2 124 7 0 5 124 35 7 64 0 96 955 0 1321 1 43 C2b
95 0 9 127 2 1 4 126 05 0 5 124 8 0 8 124 15 7 93 0 99 991 25 0 1272 1 51 C2b
96 0 4 101 9 -0 4 101 90 0 8 101 2 1 0 100 30 6 86 0 86 857 5 0 1188 1 57 C2b
97 -0 4 88 7 -1 0 89 40 0 0 88 2 -0  1 88 25 7 19 0 90 898 75 0 0995 1 29 C2b
98 -1 0 86 4 -1 2 87 50 -0 3 85 8 -0  1 86 00 7 49 0 94 936 25 0 0935 1 71 C2b
99 -0  1 98 3 0 0 98 35 -0 1 96 3 -0 2 96 45 7 39 0 92 923 75 0 1065 1 93 C2b/ PS
100 0 0 146 0 0 3 145 85 -0 2 142 0 0 1 142 05 7 47 0 93 933 75 0 1562 2 61 Ps/C2b
101 0 1 95 7 0 7 95 30 0 1 93 5 0 2 93 35 6 95 0 87 868 75 0 1097 2 05 C2b
102 0 2 127 4 0 9 126 85 0 2 124 2 0 3 123 95 7 73 0 97 966 25 0 1313 2 29 C2b
103 0 1 120 5 0 5 120 20 03 1184 0 5 118 00 8 12 1 02 1015 0 1184 1 83 C2b
104 0 1 107 0 0 2 106 85 0 5 105 3 0 7 104 70 7 64 0 96 955 0 1119 2 01 C2b
105 0 2 1148 0 1 114 65 0 7 1137 0 8 112 95 7 85 0 98 981 25 0 1168 1 48 C2b
106 0 1 1102 -0 1 110 20 0 0 108 6 0 4 108 40 7 28 091 910 0 1211 1 63 C2b
107 -0 1 103 9 -0 4 104 15 0 4 101 8 0 7 101 25 8 04 1 01 1005 0 1036 2 78 C2b
108 -0 3 1108 -0 9 111 40 0 7 1106 1 1 109 70 8 47 1 06 1058 75 0 1052 1 53 C2a
109 0 0 113 7 -0 7 11405 0 0 112 9 0 6 112 60 8 77 1 10 1096 25 0 1040 1 27 C2a
110 -0 2 113 7 -0 5 114 05 0 6 113 1 1 1 112 25 8 12 1 02 1015 0 1124 1 58 C2a
111 -0 5 133 2 -0 7 133 80 1 1 133 0 1 6 131 65 9 42 1 18 11775 0 1136 1 61 C2a
112 0 1 87 5 0 2 87 35 0 2 86 4 0 6 86 00 8 11 1 01 1013 75 0 0862 1 55 C2a
113 0 2 112 1 0 3 111 85 0 6 1108 1 0 110 00 8 71 1 09 1088 75 0 1027 1 65 C2a
114 0 3 127 9 0 7 127 40 0 1 125 5 0 3 125 30 9 54 1 19 1192 5 0 1068 1 65 Cl
115 0  1 1354 0 4 135 15 0 3 1324 0 7 131 90 9 59 1 20 1198 75 0 1127 2 40 Cl
116 0 4 129 4 0 5 128 95 0 7 127 8 0 9 127 00 9 46 1 18 1182 5 0 1090 1 51 Cl
117 0 5 134 5 0 6 133 95 0 9 1329 1 2 131 85 9 85 1 23 1231 25 0 1088 1 57 C l
118 -0 1 1182 -0 2 11835 0 0 1162 0 2 116 10 7 74 0 97 967 5 0 1223 1 90 Cl
119 -0 2 133 2 -0 4 133 50 0 2 131 7 0 4 131 40 9 38 1 17 1172 5 0 1139 1 57 Cl
120 -0 4 1169 -0 5 11735 0 4 116 1 0 7 11555 8 44 1 06 1055 0 1112 1 53 Cl
184
Low Frequency High Frequency
M S
#
K
LF
A ir
1 K l f
K
L F
A ir
2
K l f
(C orr)
k  h f  
A ir  
1 k  h f
k  h f  
A ir  
2
k  h f  
C orr)
N et
M ass
(g) g/cc
P
kg/m 3
x
k/p
X
f d
% S tra t
121 0 2 128 8 1 0 128 20 -0 3 125 5 -1 2 126 25 9 49 1 19 1186 25 0 1081 1 52 Cl
122 1 1 101 I 1 9 99 60 -0 7 96 8 -1 5 97 90 7 44 0 93 930 0 1071 1 71 Cl
123 0 2 97 0 0 6 96 60 -1 5 92 3 -1 6 93 85 8 75 1 09 1093 75 0 0883 2 85 Cl
124 0 2 89 9 0 0 89 80 -1 6 86 4 -1 5 87 95 9 53 1 19 1191 25 0 0754 2 06 Cl
125 0 2 91 2 0 2 91 00 -1 5 87 5 -1 4 88 95 9 50 1 19 11875 0 0766 2 25 Cl
126 0 0 76 6 -0 3 76 75 -1 4 73 2 -1 8 74 80 9 25 1 16 1156 25 0 0664 2 54 Cl
127 -0 3 90 3 -0 8 90 85 -I 8 85 6 -3 0 88 00 9 43 1 18 1178 75 0 0771 3 14 Cl
128 -0 1 95 9 -0 4 96 15 -0 6 92 0 -1 7 93 15 8 79 1 10 1098 75 0 0875 3 12 Cl
129 0 0 101 2 0 0 101 20 -1 7 95 4 -2 5 97 50 8 74 1 09 1092 5 0 0926 3 66 Cl
130 0 0 131 1 0 1 131 05 -0 1 121 4 -0 5 121 70 9 58 1 20 1197 5 0 1094 7 13 B1
131 0 1 151 4 0 3 151 20 -0 5 140 2 -0 3 140 60 9 08 1 14 1135 0 1332 701 B1
132 0 3 190 5 0 6 190 05 -0 3 177 3 0 1 177 40 7 67 0 96 958 75 0 1982 6 66 B1
133 0 2 261 7 0 6 261 30 0 1 245 5 0 6 245 15 8 03 1 00 1003 75 0 2603 6 18 B1
134 0 3 224 4 1 4 223 55 0 7 213 8 2 3 212 30 6 27 0 78 783 75 0 2852 5 03 B1
135 0 2 254 8 0 7 254 35 1 1 241 5 1 7 240 10 7 71 0 96 963 75 0 2639 5 60 B1
136 0 1 268 5 0 6 268 15 1 7 255 7 2 1 253 80 741 0 93 926 25 0 2895 5 35 B1
137 0 6 264 2 1 0 263 40 2 1 251 6 2 4 249 35 7 35 0 92 918 75 0 2867 5 33 O/A
138 1 0 220 8 1 2 219 70 2 4 211 0 2 8 208 40 6 60 0 83 825 0 2663 5 14 O/A
139 0 1 252 9 0 1 252 80 0 2 250 2 0 3 249 95 9 10 1 14 1137 5 0 2222 1 13 C2b
140 0 1 173 6 0 1 173 50 0 3 171 7 0 8 171 15 8 97 1 12 1121 25 0 1547 1 35 C2b
141 0  1 182 5 -0 I 182 50 0 7 181 7 2 4 180 15 8 84 1 11 1105 0 1652 1 29 C2b
142 -0 1 211 0 -0 3 211 20 0 7 206 6 2 1 205 20 8 67 1 08 1083 75 0 1949 2 84 C2b/ PS
143 -0 3 173 5 -0 5 173 90 0 6 170 7 1 9 169 45 8 63 1 08 1078 75 0 1612 2 56 C2b
144 -0 5 1379 -0 7 138 50 0 5 1374 1 8 136 25 8 18 1 02 1022 5 0 1355 1 62 C2b
145 -0 1 106 2 -0 3 106 40 1 8 106 7 2 9 104 35 6 78 0 85 847 5 0 1255 1 93 C2b/ PS
146 -0 3 128 4 -0 3 128 70 0 4 126 3 1 9 125 15 7 01 0 88 876 25 0 1469 2 76 C2b
147 -0 3 102 0 -0 1 102 20 0 5 101 6 1 8 100 45 701 0 88 876 25 0 1166 1 71 C2b/ PS
148 -0 1 88 4 0 1 88 40 0 4 88 6 2 4 87 20 6 30 0 79 787 5 0 1123 1 36 C2b/ PS
149 0 1 68 8 0 3 68 60 0 5 68 6 2 0 67 35 5 89 0 74 736 25 0 0932 1 82 C2b
150 0 3 101 1 0 7 100 60 0 4 99 6 1 8 98 50 7 06 0 88 882 5 0 1140 2 09 C2b
151 0 1 1148 0 4 114 55 0 4 1162 4 7 113 65 8 05 1 01 1006 25 0 1138 0 79 C2b
152 0 1 135 2 0 6 134 85 0 6 132 9 2 3 131 45 8 03 1 00 1003 75 0 1343 2 52 C2b
153 0 6 123 4 1 0 122 60 0 6 121 6 1 8 120 40 8 37 1 05 1046 25 0 1172 1 79 C2b
154 0 0 118 7 0 3 118 55 1 8 1190 3 4 116 40 8 09 1 01 1011 25 0 1172 1 81 C2b
155 0 3 1183 0 4 11795 0 4 1169 1 7 115 85 8 49 1 06 1061 25 0 1111 1 78 C2b
156 0 4 122 1 0 4 121 70 0 5 120 6 1 6 119 55 8 93 1 12 1116 25 0 1090 1 77 C2b
157 0 4 1184 0 2 118 10 0 3 117 1 1 5 116 20 844 1 06 1055 0 1119 1 61 C2a
158 0 2 105 5 0 1 105 35 0 0 103 8 0 2 103 70 8 73 1 09 1091 25 0 0965 1 57 C2a
159 0 1 124 4 -0 1 124 40 0 0 1123 0 0 112 30 9 72 1 22 1215 0 1024 9 73 C2a
160 -0 1 127 5 -0 3 127 70 0 2 125 0 0 3 124 75 8 66 1 08 1082 5 0 1180 2 31 C2a
161 0 4 137 7 0 8 137 10 0 0 135 7 1 0 135 20 937 1 17 1171 25 0 1171 1 39 C2a
162 0 8 1359 1 2 134 90 0 2 133 9 1 2 133 20 9 19 1 15 1148 75 0 1174 1 26 C2a
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163 0 3 130 7 0 7 130 20 0 3 131 1 1 7 130 10 8 89 1 11 1111 25 0 1172 0 08 C2a
164 0 7 1169 1 2 11595 0 5 115 8 2 2 114 45 8 79 1 10 1098 75 0 1055 1 29 C2a
165 1 2 108 7 1 7 107 25 0 5 107 1 2 3 105 70 8 14 1 02 1017 5 0 1054 1 45 C2a
166 0 2 1197 0 8 119 20 0 8 1190 2 5 11735 8 47 1 06 1058 75 0 1126 1 55 C2a
167 0 8 163 5 1 3 162 45 0 7 161 8 2 5 160 20 9 80 1 23 1225 0 1326 1 39 C2a
16S 03 149 9 0 8 149 35 05 148 7 2 3 147 30 9 63 1 20 1203 75 0 1241 1 37 Cl
169 0 8 137 3 1 3 136 25 0 6 135 8 2 2 134 40 9 63 1 20 1203 75 0 1132 1 36 Cl
170 0 2 104 2 0 7 103 75 03 102 9 1 7 101 90 7 65 0 96 956 25 0 1085 1 78 Cl
171 0 7 121 8 1 3 120 80 0 4 1199 1 7 118 85 8 22 1 03 1027 5 0 1176 1 61 Cl
172 0 2 133 3 0 8 132 80 03 131 7 1 6 130 75 8 74 1 09 1092 5 0 1216 1 54 Cl
173 0 8 138 7 1 3 137 65 03 136 0 1 3 135 20 9 42 1 18 1177 5 0 1169 1 78 Cl
174 0 4 113 5 1 0 112 80 0 2 111 3 1 1 11065 13 64 1 71 1705 0 0662 1 91 Cl
175 1 0 1124 1 7 111 05 1 1 111 5 2 0 109 95 781 0 98 976 25 0 1138 0 99 Cl
176 0 4 113 7 1 5 112 75 0 5 1112 1 9 110 00 8 33 1 04 1041 25 0 1083 2 44 Cl
177 1 1 111 7 1 8 11025 1 0 108 5 1 6 107 20 8 25 1 03 1031 25 0 1069 2 77 C l/B l
178 0 4 113 2 1 1 112 45 0 1 106 1 05 105 80 8 42 1 05 1052 5 0 1068 591 B1
179 1 1 171 5 1 9 170 00 05 1589 1 1 158 10 941 1 18 1176 25 0 1445 7 00 B1
180 0 4 196 2 1 2 195 40 1 1 182 1 1 5 180 80 8 54 1 07 1067 5 0 1830 7 47 B1
181 1 2 235 8 1 8 234 30 0 0 220 0 0 5 219 75 8 70 1 09 1087 5 0 2154 621 B1
182 0 3 245 6 1 0 244 95 0 5 231 4 0 9 230 70 7 71 0 96 963 75 0 2542 5 82 B1
183 1 0 294 5 1 7 293 15 0 9 278 8 1 4 277 65 8 54 1 07 1067 5 0 2746 5 29 B1
184 0 3 249 6 0 8 249 05 0 1 236 4 0 6 236 05 7 07 0 88 883 75 0 2818 5 22 B1
185 0 8 305 5 1 3 304 45 0 6 290 7 1 2 289 80 7 97 1 00 996 25 0 3056 4 81 B1
186 0 3 343 5 0 8 342 95 1 2 328 6 1 7 327 15 8 07 1 01 1008 75 0 3400 461 B1
187 0 8 278 9 1 2 277 90 0 2 265 3 1 3 264 55 6 69 0 84 836 25 0 3323 4 80 O/A
188 1 2 201 0 1 6 199 60 0 2 190 4 1 2 189 70 5 25 0 66 656 25 0 3042 4 96 O/A
189 0 1 56 7 05 56 40 03 56 6 1 4 55 75 4 77 0 60 596 25 0 0946 1 15 O/A
190 0 5 115 5 0 9 114 80 03 113 0 1 3 112 20 8 39 1 05 1048 75 0 1095 2 26 OB
191 0 9 127 0 1 2 125 95 0 4 122 6 1 4 121 70 8 92 1 12 1115 0 1130 3 37 OB
192 1 2 135 2 1 5 133 85 03 129 6 1 4 128 75 8 90 1 11 11125 0 1203 3 81 OB
193 0 0 124 7 03 124 55 03 123 1 1 3 122 30 9 08 1 14 1135 0 1097 1 81 OB
194 0 3 120 7 0 5 120 30 0 0 118 7 1 0 118 20 9 11 1 14 1138 75 0 1056 1 75 OB
195 0 5 100 3 0 8 99 65 1 0 99 5 1 7 98 15 7 59 0 95 948 75 0 1050 1 51 OB
196 0 8 137 1 1 0 136 20 03 133 7 0 9 133 10 9 18 1 15 1147 5 0 1187 2 28 OB
197 1 0 122 3 1 3 121 15 0 9 1199 1 5 11870 8 88 1 11 1110 0 1091 2 02 OB
198 0 1 119 5 03 119 30 -0 1 117 5 0 4 11735 9 03 1 13 1128 75 0 1057 1 63 OB
199 0 3 105 1 0 4 104 75 0 4 101 7 1 2 100 90 7 02 0 88 877 5 0 1194 3 68 OB
200 0 4 133 6 0 5 133 15 1 2 130 4 1 6 129 00 9 34 1 17 1167 5 0 1140 3 12 OB
201 0 5 1147 0 6 114 15 -0 1 1106 0 3 110 50 7 63 0 95 953 75 0 1197 3 20 OB
202 0 6 127 7 0 6 127 10 03 123 9 0 6 123 45 864 1 08 1080 0 1177 2 87 OB
203 0 6 313 5 0 7 312 85 0 6 3102 0 8 309 50 10 52 1 32 1315 0 2379 1 07 C4
204 0 7 316 1 0 7 315 40 0 8 3129 0 9 312 05 11 99 1 50 1498 75 0 2104 1 06 C4
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205 0 7 329 6 0 8 328 85 0 9 326 4 1 3 325 30 11 79 1 47 1473 75 0 2231 1 08 C4
206 0 8 3140 0 8 313 20 -0 1 309 4 0 0 309 45 11 77 1 47 1471 25 0 2129 1 20 C2b
207 0 8 272 6 0 8 271 80 0 0 268 5 0 1 268 45 11 16 1 40 1395 0 1948 1 23 C2b
208 0 8 1528 1 0 151 90 0 1 150 1 0 3 149 90 951 1 19 1188 75 0 1278 1 32 C2b
209 1 0 190 2 1 0 189 20 0 3 1872 0 8 186 65 10 23 1 28 1278 75 0 1480 1 35 PS
210 1 0 208 9 1 2 207 80 0 8 206 1 1 0 205 20 10 24 1 28 1280 0 1623 1 25 C2b
211 1 2 337 5 1 4 336 20 1 0 334 3 1 4 333 10 11 07 1 38 1383 75 0 2430 0 92 C2b
212 0 1 273 7 0 3 273 50 -0 1 271 1 0 2 271 05 10 65 1 33 1331 25 0 2054 0 90 PS
213 0 3 151 8 0 4 151 45 0 2 149 9 0 5 149 55 8 59 1 07 1073 75 0 1410 1 25 C2b
214 0 4 222 5 0 5 222 05 0 5 220 2 0 9 219 50 10 56 1 32 1320 0 1682 1 15 C2b
215 0 5 226 0 0 8 225 35 0 9 223 4 1 3 222 30 1081 1 35 1351 25 0 1668 1 35 C2b
216 0 8 151 1 1 0 150 20 0 1 149 4 0 5 149 10 9 18 1 15 1147 5 0 1309 0 73 C2b
217 1 0 149 7 1 2 148 60 0 5 147 1 0 8 146 45 8 92 1 12 1115 0 1333 1 45 C2b
218 1 2 1224 1 4 121 10 0 8 1193 1 3 11825 8 24 1 03 1030 0 1176 2 35 PS
219 0 1 105 4 0 3 105 20 0 2 103 8 0 6 103 40 7 99 1 00 998 75 0 1053 1 71 C2b
220 0 3 148 0 0 6 147 55 0 6 143 9 0 9 143 15 7 83 0 98 978 75 0 1508 2 98 PS
221 0 6 131 1 0 9 130 35 0 9 129 5 1 3 128 40 9 20 1 15 1150 0 1133 1 50 C2b
222 0 9 145 4 1 2 144 35 0 0 141 2 0 3 141 05 8 55 1 07 1068 75 0 1351 2 29 PS
223 1 2 1373 1 6 135 90 0 3 133 9 0 9 133 30 901 1 13 1126 25 0 1207 1 91 C2b
224 0 1 1173 0 4 117 05 0 9 1162 1 2 115 15 8 32 1 04 1040 0 1125 I 62 C2b
225 0 4 113 7 0 7 113 15 1 2 1126 1 6 111 20 8 45 1 06 1056 25 0 1071 1 72 C2b/PS
226 0 7 1182 1 1 117 30 0 1 115 8 0 4 115 55 861 1 08 1076 25 0 1090 1 49 C2b
227 1 1 126 1 1 4 124 85 0 4 123 6 0 7 123 05 8 70 1 09 1087 5 0 1148 1 44 C2b
228 0 2 120 3 0 4 120 00 0 7 1194 1 2 11845 8 81 1 10 1101 25 0 1090 1 29 C2b
229 0 4 1108 0 7 110 25 1 2 109 2 1 5 107 85 8 88 1 11 1110 0 0993 2 18 C2b
230 0 7 121 6 0 9 120 80 0 0 1196 0 3 11945 901 1 13 1126 25 0 1073 1 12 C2b
231 0 9 115 3 1 1 114 30 0 3 113 3 0 7 112 80 8 75 1 09 1093 75 0 1045 1 31 C2b
232 1 1 119 1 1 3 117 90 0 7 117 1 1 0 116 25 8 97 1 12 1121 25 0 1052 1 40 C2a
233 0 1 118 1 0 3 117 90 1 0 1174 1 4 11620 8 50 1 06 1062 5 0 1110 I 44 C2a
234 0 3 113 2 0 5 112 80 0 0 111 2 0 2 111 10 8 20 1 03 1025 0 1100 I 51 C2a
235 0 5 96 6 0 7 96 00 0 2 95 2 0 4 94 90 881 1 10 1101 25 0 0872 1 15 C2a
236 0 7 1160 0 8 115 25 0 4 113 1 0 4 112 70 9 17 1 15 1146 25 0 1005 221 C2a
237 0 8 120 6 1 0 119 70 0 4 118 5 0 7 11795 8 93 1 12 111625 0 1072 1 46 C2a
238 1 0 1104 1 3 109 25 0 7 108 2 0 8 107 45 8 48 1 06 1060 0 1031 1 65 C2a
239 0 0 124 3 0 1 124 25 0 8 123 3 0 9 122 45 9 07 1 13 1133 75 0 1096 1 45 C2a
240 0 1 114 1 0 3 113 90 0 9 113 3 1 2 112 25 8 75 1 09 1093 75 0 1041 1 45 C2a
241 -0 2 123 8 -0 1 123 95 -0 2 121 7 -0 5 122 05 9 15 1 14 1143 75 0 1084 1 53 C2a
242 -0 1 131 9 -0 1 132 00 -0 5 129 3 -0 7 129 90 9 09 1 14 1136 25 0 1162 1 59 C2a
243 -0 1 1146 -0 2 114 75 -0 7 112 5 -1 0 113 35 8 99 1 12 1123 75 0 1021 1 22 C2a
244 -0 2 116 5 -0 2 116 70 -1 0 113 9 -1 2 115 00 8 83 1 10 1103 75 0 1057 1 46 C2a
245 -0 2 1173 -0 2 11750 -1 2 1146 -1 2 11580 8 17 1 02 1021 25 0 1151 1 45 C2a
246 -0 2 110 5 -0 1 11065 -1 2 107 8 -1 4 109 10 8 77 1 10 1096 25 0 1009 1 40 C2a
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247 -0 1 99 4 0 0 99 45 -0 1 98 1 -0 2 98 25 8 48 1 06 1060 0 0938 1 21 C2a
248 0 0 1142 -0 1 114 25 -0 2 1123 -0 2 11250 8 51 1 06 1063 75 0 1074 1 53 C2a
249 -0 1 1103 -0 1 110 40 -0 2 108 5 -0 1 108 65 8 44 1 06 1055 0 1046 1 59 C2a
250 -0 1 104 7 0 0 104 75 -0 1 102 8 -0 1 102 90 8 76 1 10 1095 0 0957 1 77 Cl
251 0 0 101 7 -0 1 101 75 -0 1 100 0 0 1 100 00 8 93 1 12 1116 25 0 0912 1 72 Cl
252 -0 1 86 7 -0 1 86 80 0 1 85 2 0 2 85 05 9 62 1 20 1202 5 0 0722 2 02 Cl
253 -0 1 96 6 -0 1 96 70 0 2 94 2 0 4 93 90 9 90 1 24 1237 5 0 0781 2 90 Cl
254 -0 1 116 1 -0 1 116 20 0 4 108 7 0 7 108 15 9 70 1 21 1212 5 0 0958 6 93 B1
255 -0 1 59 8 0 0 59 85 0 7 56 4 1 0 55 55 9 97 1 25 1246 25 0 0480 7 18 B1
256 0 0 71 4 0 0 71 40 1 0 66 7 1 1 65 65 9 77 1 22 1221 25 0 0585 8 05 B1
257 0 0 64 1 0 0 64 10 1 1 61 3 1 3 60 10 10 06 1 26 1257 5 00510 6 24 Cl
258 0 0 55 1 0 1 55 05 0 1 52 2 0 4 51 95 9 57 1 20 1196 25 0 0460 5 63 C l/B l
259 0 1 58 3 0 2 58 15 0 4 55 5 0 8 54 90 10 42 1 30 1302 5 0 0446 5 59 C l/B l
260 0 2 56 5 0 4 56 20 0 8 53 5 1 3 52 45 9 66 1 21 1207 5 0 0465 6 67 C l/B l
261 0 4 76 3 0 8 75 70 0 1 71 7 0 5 71 40 9 32 1 17 1165 0 0650 5 68 C l/B l
262 0 8 136 7 1 1 135 75 0 5 127 9 0 8 127 25 9 30 1 16 1162 5 0 1168 6 26 C l/B l
263 1 1 174 6 1 2 173 45 0 8 163 5 1 1 162 55 8 30 1 04 1037 5 0 1672 6 28 B1
264 0 1 170 8 0 4 170 55 1 1 161 9 1 4 160 65 7 11 0 89 888 75 0 1919 5 80 B1
265 0 4 191 2 0 6 190 70 0 0 180 4 0 3 180 25 7 60 0 95 950 0 2007 5 48 B l/A
266 0 6 221 8 0 9 221 05 0 3 209 7 0 5 209 30 7 66 0 96 957 5 0 2309 5 32 B l/A
267 0 9 47 7 1 3 46 60 0 5 46 6 0 9 45 90 4 11 051 513 75 0 0907 1 50 O/A
268 0 1 33 4 0 3 33 20 0 9 33 6 1 2 32 55 2 94 03 7 367 5 0 0903 1 96 O/A
269 0 3 306 9 0 5 306 50 1 2 304 I 1 6 302 70 9 22 1 15 1152 5 0 2659 1 24 C4
270 0 5 232 2 0 8 231 55 0 1 229 2 0 3 229 00 9 19 1 15 1148 75 0 2016 1 10 C4
271 0 8 232 8 1 1 231 85 0 3 229 6 0 5 229 20 9 92 1 24 1240 0 1870 1 14 C4
272 1 1 226 9 1 2 225 75 0 5 223 9 0 7 223 30 9  13 1 14 1141 25 0 1978 1 09 C4
273 0 5 361 9 1 2 361 05 0 6 358 7 2 2 357 30 10 04 1 26 1255 0 2877 1 04 C4
274 0 2 313 8 0 5 313 45 0 9 310 7 1 0 309 75 9 98 1 25 1247 5 0 2513 1 18 C4
275 0 5 321 1 0 7 320 50 I 0 317 8 1 2 31670 10 49 1 31 1311 25 0 2444 1 19 C4
276 0 7 279 0 0 9 278 20 1 2 275 9 1 1 274 75 10 26 1 28 1282 5 0 2169 1 24 C4
277 0 9 279 1 1 1 278 10 1 1 275 8 1 2 274 65 10 50 1 31 13125 02119 1 24 C3
278 1 1 306 5 1 3 305 30 1 2 302 7 1 3 301 45 11 09 1 39 1386 25 0 2202 1 26 C3
279 0 0 287 2 0 1 287 15 0 0 283 7 0 0 283 70 11 53 1 44 1441 25 0 1992 1 20 C3
280 0 1 301 2 0 5 300 90 0 0 297 2 0 2 297 10 10 96 1 37 1370 0 2196 1 26 C3
281 0 5 275 1 0 6 274 55 0 2 271 2 0 4 270 90 9 93 1 24 1241 25 0 2212 1 33 C3
282 0 6 188 8 0 7 188 15 0 4 186 0 0 4 185 60 9 62 1 20 1202 5 0 1565 1 36 C2b
283 0 7 146 2 1 0 145 35 0 4 143 6 0 5 143 15 8 93 1 12 111625 0 1302 1 51 C2b
284 1 0 123 9 1 1 122 85 0 5 121 3 0 4 120 85 8 16 1 02 1020 0 1204 1 63 C2b
285 1 1 1194 1 3 118 20 0 4 116 8 03 11645 8 70 1 09 1087 5 0 1087 1 48 C2b
286 -0 1 128 5 -0 1 128 60 0 3 126 7 0 2 126 45 8 58 1 07 1072 5 0 1199 1 67 C2b
287 -0 1 102 4 0 0 102 45 0 2 101 1 0 0 101 00 837 1 05 1046 25 0 0979 1 42 C2b
288 0 0 113 1 0 0 113 10 0 0 1112 0 0 111 20 8 92 1 12 1115 0 1014 1 68 C2b
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289 0 0 152 3 0 0 152 30 0 0 149 6 -0 l 149 65 9 14 1 14 1142 5 0 1333 1 74 C2b
290 0 0 124 6 0 0 124 60 -0 1 121 8 -0 2 121 95 8 23 1 03 1028 75 0 1211 2 13 C2b
291 0 0 126 8 0 0 126 80 -0 2 124 3 -0 3 124 55 8 91 1 11 1113 75 0 1138 1 77 C2b
292 0 0 131 4 0 0 131 40 -0 3 129 0 -0 4 129 35 9 40 1 18 1175 0 1118 1 56 C2a
293 0 0 1372 -0 8 137 60 -0 4 134 8 -0 9 135 45 9 40 1 18 1175 0 1171 1 56 C2a
294 0 0 1176 -0 1 11765 -0 9 1153 -0 7 116 10 9 44 1 18 1180 0 0997 1 32 C2a
295 -0 I 122 2 -0 2 122 35 -0 7 1197 -0 9 120 50 9 64 1 21 1205 0 1015 1 51 C2a
296 -0 2 124 9 -0 3 125 15 -0 9 122 3 -1 1 123 30 9 39 1 17 1173 75 0 1066 1 48 C2a
297 -0 3 1377 -0 3 138 00 -1 1 134 8 -0 9 135 80 9 74 1 22 12175 0 1133 1 59 C2a
298 -0 3 127 8 -0 3 128 10 -0 9 125 7 -0 3 126 30 8 76 1 10 1095 0 1170 1 41 C2a
299 -0 3 107 8 -0 2 108 05 -0 3 106 9 0 5 106 80 9 73 1 22 1216 25 0 0888 1 16 C2a
300 -0 2 121 6 -0 2 121 80 0 5 120 8 1 3 11990 9 70 1 21 1212 5 0 1005 I 56 C2a
301 -0 2 1166 -0 2 11680 0 1 1153 0 5 115 00 8 96 1 12 1120 0 1043 1 54 C2a
302 -0 2 123 8 -0 2 124 00 0 5 122 4 0 6 121 85 9 56 1 20 1195 0 1038 1 73 C2a
303 -0 2 1200 -0 I 120 15 0 6 1189 0 7 118 25 9 06 1 13 1132 5 0 1061 1 58 Cl
304 -0 1 143 8 -0 1 143 90 0 7 142 6 0 9 141 80 10 37 1 30 1296 25 0 1110 1 46 C2
305 -0 1 1362 -0 2 136 35 0 9 135 1 0 8 134 25 961 1 20 1201 25 0 1135 1 54 C3
306 -0 2 145 7 -0 2 145 90 0 8 144 7 0 9 143 85 9 49 1 19 1186 25 0 1230 1 41 C4
307 -0 2 133 8 -0 4 134 10 0 9 132 9 0 9 132 00 9 72 1 22 1215 0 1104 1 57 C5
308 -0 4 127 9 -0 5 128 35 0 9 127 5 0 9 126 60 9 50 1 19 1187 5 0 1081 1 36 B1
309 -0 5 1107 -0 5 111 20 0 9 1104 0 8 109 55 8 37 1 05 1046 25 0 1063 1 48 B1
310 -0 5 99 9 -0 5 100 40 0 8 98 5 0 8 97 70 8 36 1 05 1045 0 0961 2 69 B1
311 -0 5 132 1 -0 7 132 70 0 8 127 9 0 8 127 10 8 83 1 10 1103 75 0 1202 4 22 B1
312 -0 7 2195 -0 8 220 25 0 8 208 5 0 9 207 65 8 85 1 11 1106 25 0 1991 5 72 B1
313 -0 8 255 9 -0 7 256 65 0 9 242 7 0 8 241 85 9 43 1 18 1178 75 02177 5 77 B1
314 -0 7 214 8 -0 7 215 50 0 8 203 1 0 7 202 35 7 52 0 94 940 0 2293 6 10 B1
315 -0 7 233 7 -0 7 234 40 0 7 221 7 08 220 95 8 28 1 04 1035 0 2265 5 74 B1
316 -0 7 212 5 -0 8 213 25 0 8 202 4 0 7 201 65 7 79 0 97 973 75 0 2190 5 44 B1
317 -0 8 222 6 -0 9 223 45 0 7 211 3 0 7 210 60 791 0 99 988 75 0 2260 5 75 B1
318 -0 9 240 8 -0 9 241 70 0 7 228 8 1 0 227 95 8 19 1 02 1023 75 0 2361 5 69 B1
319 -0 9 238 8 -1 2 239 85 1 0 227 5 1 2 226 40 8 05 1 01 1006 25 0 2384 5 61 B1
320 -0 1 225 4 -0 4 225 65 1 2 214 9 1 4 213 60 7 44 0 93 930 0 2426 5 34 B1
321 -0 4 2102 -0 5 210 65 -0 1 199 9 0 2 199 85 6 32 0 79 790 0 2666 5 13 B1
322 -0 5 231 6 -0 6 232 15 0 2 221 0 0 4 220 70 6 08 0 76 760 0 3055 4 93 B1
323 -0 6 167 4 -0 8 168 10 0 4 1588 0 7 158 25 4 57 0 57 571 25 0 2943 5 86 O/A
324 -0 8 76 8 -1 0 77 70 0 7 75 6 0 8 74 85 4 02 0 50 502 5 0 1546 3 67 O/A
325 -0 1 232 8 -0 3 233 00 0 8 223 7 0 9 222 85 7 72 0 97 965 0 2415 4 36 O/A
326 -0 3 160 8 -0 4 161 15 0 9 160 0 1 1 159 00 1045 1 31 1306 25 0 1234 1 33 C4
327 -0 4 176 6 -0 6 177 10 1 1 175 9 1 1 174 80 10 09 1 26 1261 25 0 1404 1 30 C4
328 -0 6 222 6 -0 7 223 25 1 1 222 0 1 4 220 75 1032 1 29 1290 0 1731 1 12 C4
329 -0 7 1567 -0 7 157 40 0 0 155 2 0 2 155 10 8 14 1 02 1017 5 0 1547 1 46 C4
330 -0 7 172 3 -0 7 173 00 0 2 170 9 0 3 170 65 9 94 1 24 1242 5 0 1392 1 36 C3
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331 -0 7 203 2 -0 7 203 90 0 3 199 6 0 4 199 25 10 18 1 27 1272 5 0 1602 2 28 C3
332 -0 7 140 4 -0 6 141 05 0 4 139 8 0 8 139 20 8 18 1 02 1022 5 0 1379 1 31 C3
333 -0 6 134 5 -0 4 135 00 0 8 134 1 0 8 133 30 9 17 1 15 1146 25 0 1178 1 26 C3
334 -0 4 228 3 -0 2 228 60 0 8 226 8 1 0 225 90 1001 1 25 1251 25 0 1827 1 18 C3
335 -0 2 204 0 0 2 204 00 1 0 202 5 1 2 201 40 10 10 1 26 1262 5 0 1616 1 27 C3
336 0 2 226 6 0 4 226 30 1 2 224 7 1 2 223 50 9 89 1 24 1236 25 0 1831 1 24 C3
337 0 4 206 9 0 6 206 40 1 2 205 7 1 2 204 50 9 45 1 18 1181 25 0 1747 0 92 PS/C3
338 0 6 159 5 0 8 158 80 1 2 157 8 1 3 156 55 8 88 1 11 1110 0 1431 1 42 PS/C3
339 0 8 139 0 1 1 138 05 0 0 135 7 0 1 135 65 8 60 1 08 1075 0 1284 1 74 C3
340 0 0 1163 0 2 116 20 0 1 114 5 0 1 11440 8 47 1 06 1058 75 0 1098 1 55 C3
341 0 2 129 4 0 4 129 10 0 1 125 8 -0 1 125 80 8 79 1 10 1098 75 0 1175 2 56 C3
342 0 4 108 6 0 5 108 15 -0 1 106 4 -0 1 106 50 8 49 1 06 1061 25 0 1019 1 53 C3
343 0 5 105 2 0 6 104 65 -0 1 102 9 -0 3 103 10 8 60 1 08 1075 0 0973 1 48 C3
344 0 6 145 0 0 6 144 40 -0 3 141 5 -0 4 141 85 8 90 1 11 1112 5 0 1298 1 77 C3
345 0 6 106 1 0 8 105 40 -0 4 103 0 -0 5 103 45 7 93 0 99 991 25 0 1063 1 85 C2b
346 0 8 139 3 0 9 138 45 -0 5 135 0 -0 6 135 55 7 99 1 00 998 75 0 1386 2 09 C2b
347 0 9 123 8 1 0 122 85 -0 6 118 8 -0 6 119 40 8 39 1 05 1048 75 0 1171 2 81 C2b
348 -0 1 128 8 -0 1 128 90 -0 6 127 2 -0 6 127 80 8 53 1 07 1066 25 0 1209 0 85 C2b
349 -0 1 120 5 0 0 120 55 0 6 1178 -0 7 117 85 8 60 1 08 1075 0 1121 2 24 C2b
350 0 0 1183 0 2 118 20 -0 7 1156 -0 8 116 35 8 57 1 07 1071 25 0 1103 1 57 C2b
351 0 2 1176 0 2 117 40 -0 8 114 8 -1 1 115 75 8 52 1 07 1065 0 1102 1 41 C2b
352 0 2 106 6 0 2 106 40 -1 1 102 4 -1 2 103 55 8 38 1 05 1047 5 0 1016 2 68 C2b
353 0 2 1150 0 2 114 80 -1 2 111 6 -1 4 112 90 8 55 1 07 1068 75 0 1074 1 66 C2b
354 0 2 107 9 0 3 107 65 -0 2 105 7 -0 5 106 05 8 29 1 04 1036 25 0 1039 1 49 C2b
355 0 3 1164 0 3 116 10 -0 5 113 5 -0 7 114 10 7 84 0 98 980 0 1185 1 72 C2b
356 0 3 1123 0 4 111 95 -0 7 109 5 -0 9 110 30 9 27 1 16 1158 75 0 0966 1 47 C2b
357 0 4 105 2 0 5 104 75 -0 9 102 3 -0 9 103 20 9 59 1 20 1198 75 0 0874 1 48 C2b
358 0 5 132 1 0 4 131 65 -0 9 128 5 -1 2 129 55 9 43 1 18 1178 75 0 1117 1 60 C2b
359 0 4 129 0 0 5 128 55 -1 2 125 4 -1 3 126 65 9 37 1 17 1171 25 0 1098 1 48 C2b
360 0 5 148 5 0 4 148 05 -0 1 145 9 -0 3 146 10 9 88 1 24 1235 0 1199 1 32 C2b
361 0 4 143 8 0 4 143 40 -0 3 141 1 -0 5 141 50 96 4 1 21 1205 0 1190 1 32 C2a
362 0 4 134 8 0 4 134 40 -0 5 131 9 -0 6 132 45 9 64 1 21 1205 0 1115 1 45 C2a
363 0 4 121 9 0 5 121 45 -0 6 1190 -0 8 119 70 9 74 1 22 12175 0 0998 1 44 C2a
364 0 5 1133 0 5 112 80 -0 8 109 9 -1 3 110 95 9 55 1 19 1193 75 0 0945 1 64 Cl
365 0 2 134 4 1 3 133 65 -0 3 1305 -1 0 131 15 9 48 1 19 1185 0 1128 1 87 Cl
366 0 3 151 6 1 2 150 85 -1 0 146 4 -1 3 147 55 10 28 1 29 1285 0 1174 2 19 Cl
367 0 2 100 4 1 1 99 75 -0 1 95 9 0 0 95 95 7 65 0 96 956 25 0 1043 3 81 Cl
368 1 1 143 4 2 1 141 80 0 0 131 5 0 1 131 45 9 75 1 22 1218 75 0 1163 7 30 B2
369 0 2 140 1 0 9 139 55 0 1 129 2 0 5 128 90 9 95 1 24 1243 75 0 1122 7 63 B2
370 0 9 152 3 1 9 150 90 0 5 140 3 0 9 139 60 9 85 1 23 1231 25 0 1226 7 49 B2
371 0 3 169 9 1 0 169 25 0 9 1576 1 5 156 40 9 78 1 22 1222 5 0 1384 7 59 B2/B3
372 1 0 180 4 1 7 179 05 0 4 166 0 1 1 165 25 9 79 1 22 1223 75 0 1463 771 B2/B3
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373 0 3 126 9 0 9 126 30 11 118 I 1 8 116 65 9 83 I 23 1228 75 0 1028 7 64 B2/B3
374 0 9 1145 1 6 113 25 0 2 106 8 1 0 106 20 1048 1 31 1310 0 0865 6 23 B1
375 0 2 126 9 0 8 126 40 1 0 1199 1 7 118 55 9 85 1 23 1231 25 0 1027 621 B1
376 0 8 200 5 1 5 199 35 0 2 188 6 1 1 187 95 8 95 1 12 111875 0 1782 5 72 B1
377 03 223 4 1 1 222 70 1 1 211 7 1 8 210 25 8 13 1 02 1016 25 02191 5 59 B1
378 1 1 232 6 1 7 231 20 03 2190 1 0 218 35 8 15 1 02 1018 75 0 2269 5 56 B1
379 0 2 165 8 1 0 165 20 1 0 158 0 1 5 156 75 6 53 0 82 816 25 0 2024 5 12 O/A
380 1 0 191 3 1 8 189 90 0 2 180 8 0 7 180 35 5 92 0 74 740 0 2566 5 03 O/A
381 0 3 1872 1 0 186 55 0 7 177 9 1 1 177 00 5 06 0 63 632 5 0 2949 5 12 A
382 1 0 42 0 1 9 40 55 1 1 40 8 1 6 39 45 3 69 0 46 461 25 0 0879 2 71 0
383 -0 6 362 6 0 0 362 90 0 1 359 5 0 6 359 15 12 13 1 52 1516 25 0 2393 1 03 C4
384 0 0 345 9 0 6 345 60 0 6 342 6 1 2 341 70 11 62 1 45 1452 5 0 2379 1 13 C4
385 0 6 321 9 1 2 321 00 1 2 318 7 1 7 31725 12 18 1 52 1522 5 0 2108 1 17 C4
386 1 2 311 0 1 8 309 50 0 1 306 4 0 8 305 95 11 77 1 47 1471 25 0 2104 1 15 C4
387 0 1 265 7 0 6 265 35 0 0 262 8 0 4 262 60 I t  46 143 1432 5 0 1852 1 04 C4
388 0 6 311 3 1 1 31045 0 4 307 1 0 7 306 55 11 32 1 42 1415 0 2194 1 26 C4
389 1 1 3142 1 5 312 90 0 7 310 1 0 9 309 30 11 10 1 39 1387 5 0 2255 1 15 C4
390 0 1 269 6 0 4 269 35 0 9 266 9 1 1 265 90 11 03 1 38 1378 75 0 1954 1 28 C4
391 0 4 133 3 0 8 132 70 1 1 132 0 1 4 130 75 8 60 1 08 1075 0 1234 1 47 C3
392 0 8 125 1 1 0 124 20 -0 2 122 3 0 0 122 40 838 1 05 1047 5 0 1186 1 45 C3/PS
393 1 0 118 5 1 2 117 40 0 0 1170 0 4 116 80 8 84 1 11 1105 0 1062 051 C3
394 1 2 121 0 1 3 119 75 0 4 1184 03 11805 9 22 1 15 1152 5 0 1039 1 42 C3
395 0 I 97 8 0 1 97 70 0 3 97 9 0 7 97 40 7 79 0 97 973 75 0 1003 031 C3/PS
396 0 1 141 7 0 2 141 55 0 7 139 3 0 7 138 60 8 04 1 01 1005 0 1408 2 08 PS
397 0 2 115 5 0 4 115 20 0 7 1143 0 8 113 55 8 48 1 06 1060 0 1087 1 43 C3
398 0 4 138 1 0 4 137 70 0 8 135 7 0 8 134 90 8 02 1 00 1002 5 0 1374 2 03 C3/PS
399 0 4 124 1 0 5 123 65 0 8 123 6 1 0 122 70 8 96 1 12 1120 0 1104 0 77 C3
400 0 5 127 1 0 6 126 55 1 0 126 6 1 1 125 55 8 35 I 04 1043 75 0 1212 0 79 C3/PS
401 0 6 137 0 0 8 136 30 1 1 134 7 1 2 133 55 8 98 1 12 1122 5 0 1214 2 02 C3/PS
402 0 8 160 6 1 0 159 70 1 2 156 1 1 3 154 85 851 1 06 1063 75 0 1501 3 04 PS
403 1 0 124 8 1 1 123 75 -0 2 123 2 0 1 123 25 8 95 1 12 1118 75 0 1106 0 40 C2b
404 1 1 122 1 1 4 120 85 0 1 1192 0 2 119 05 8 62 1 08 1077 5 0 1122 1 49 C2b
405 0 1 107 3 0 4 107 05 0 2 105 9 0 5 105 55 8 77 1 10 1096 25 0 0977 I 40 C2b
406 0 4 131 3 0 8 130 70 0 5 131 4 0 9 130 70 961 1 20 1201 25 0 1088 0 00 C2b
407 0 8 121 6 1 2 120 60 0 9 1198 1 3 118 70 8 85 1 11 1106 25 0 1090 1 58 C2b
408 1 2 127 3 1 6 125 90 0 0 125 4 0 5 125 15 9 34 1 17 1167 5 0 1078 0 60 C2b
409 0 0 124 5 0 3 124 35 0 5 123 2 0 9 122 50 9 11 1 14 1138 75 0 1092 1 49 C2b
410 03 124 2 0 6 123 75 0 9 121 5 1 6 120 25 8 15 1 02 1018 75 0 1215 2 83 C2a
411 0 6 130 1 1 0 129 30 0 0 127 9 0 7 127 55 9 22 1 15 11525 0 1122 1 35 C2a
412 1 0 96 7 1 2 95 60 0 7 94 9 1 3 93 90 8 45 1 06 1056 25 0 0905 1 78 C2a
413 I 2 1187 1 3 11745 0 2 1166 1 1 11595 9 73 1 22 1216 25 0 0966 1 28 C2a
414 0 1 119 1 0 2 118 95 1 1 1187 1 9 11720 8 79 1 10 1098 75 0 1083 I 47 C2a
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415 0 2 1179 0 2 117 70 0 2 1166 l i 11595 9 30 1 16 1162 5 0 1012 1 49 C2a
416 0 2 132 7 0 4 132 40 1 1 1320 2 1 130 40 9 50 1 19 11875 0 1115 1 51 C2a
417 0 4 127 1 0 4 126 70 0 5 126 0 1 5 125 00 9 59 1 20 1198 75 0 1057 1 34 C2a
418 0 4 126 6 0 4 126 20 -0 1 123 5 0 9 123 10 9 33 1 17 1166 25 0 1082 2 46 C2a
419 0 4 145 3 0 5 144 85 0 9 144 1 1 7 142 80 9 70 1 21 1212 5 0 1195 1 42 C2a
420 0 5 130 7 0 5 130 20 0 4 129 3 1 3 128 45 9 23 1 15 1153 75 0 1128 1 34 C2a
421 0 5 118 2 0 6 117 65 0 3 1169 1 3 116 10 9 40 1 18 1175 0 1001 1 32 C2a
422 0 6 134 1 0 6 133 50 0 4 1324 1 2 131 60 9 68 1 21 1210 0 1103 1 42 C2a
423 0 6 103 8 0 7 103 15 1 2 104 7 2 1 103 05 9 16 1 15 1145 0 0901 0 10 Cl
424 0 7 128 0 0 8 127 25 0 3 126 2 1 1 125 50 9 29 1 16 1161 25 0 1096 1 38 Cl
425 0 8 1177 0 9 11685 1 1 1172 2 0 11565 8 94 1 12 1117 5 0 1046 1 03 Cl
426 0 9 88 9 0 9 88 00 0 2 87 2 0 9 86 65 9 27 1 16 1158 75 0 0759 1 53 Cl
427 0 9 66 0 0 9 65 10 0 9 65 0 1 8 63 65 7 58 0 95 947 5 0 0687 2 23 Cl
428 0 9 42 5 1 1 41 50 0 2 40 5 1 1 39 85 8 77 1 10 1096 25 0 0379 3 98 Cl
429 1 1 49 2 1 1 48 10 1 1 47 2 1 7 45 80 8 02 1 00 1002 5 0 0480 4 78 B1
430 1 1 48 7 1 3 47 50 03 45 4 1 1 44 70 8 97 1 12 1121 25 0 0424 5 89 Cl
431 0 1 53 8 0 2 53 65 1 1 51 8 2 0 50 25 8 72 1 09 1090 0 0492 6 34 Cl
432 0 2 49 8 0 5 49 45 0 4 47 1 1 1 46 35 8 47 1 06 1058 75 0 0467 6 27 Cl
433 0 5 76 4 0 8 75 75 1 1 72 6 4 2 69 95 7 35 0 92 918 75 0 0824 7 66 Cl
434 0 8 91 5 1 1 90 55 0 3 85 2 1 3 84 40 7 24 091 905 0 1001 6 79 B1
435 1 1 208 3 1 4 207 05 0 4 195 0 1 5 194 05 8 12 1 02 1015 0 2040 6 28 B1
436 0 0 195 6 03 195 45 1 5 185 8 2 5 183 80 7 57 0 95 946 25 0 2066 5 96 B1
437 0 3 200 4 0 4 200 05 0 4 188 4 1 6 187 40 7 66 0 96 957 5 0 2089 6 32 B1
438 0 4 212 6 0 7 212 05 0 7 202 7 1 8 201 45 6 59 0 82 823 75 0 2574 500 A
439 0 7 1563 0 9 155 50 0 4 148 8 1 6 147 80 4 93 0 62 61625 0 2523 4 95 A
440 0 9 32 5 1 0 31 55 0 4 31 7 1 4 30 80 3 30 041 412 5 0 0765 2 38 0
441 1 0 237 3 1 1 236 25 05 234 5 1 6 233 45 9 92 1 24 1240 0 1905 1 19 C4
442 1 1 251 4 1 2 250 25 0 4 247 9 1 4 247 00 10 19 1 27 1273 75 0 1965 1 30 C4
443 1 2 212 7 1 2 211 50 0 1 209 5 1 1 208 90 10 26 1 28 1282 5 0 1649 1 23 C4
444 1 2 353 5 1 2 352 30 1 1 349 3 1 9 347 80 11 95 1 49 1493 75 0 2358 1 28 C4
445 1 2 287 9 1 3 286 65 0 2 280 9 0 9 280 35 10 17 1 27 1271 25 0 2255 2 20 C4
446 0 1 347 6 0 1 347 50 0 9 344 2 1 5 343 00 11 14 1 39 1392 5 0 2496 1 29 C4
447 0 1 176 7 0 1 176 60 0 1 174 6 0 8 174 15 8 77 1 10 1096 25 0 1611 1 39 C3
448 0 1 115 5 0 1 115 40 0 8 1166 I 7 115 35 7 00 0 88 875 0 1319 0 04 C3
449 0 1 157 5 0 0 157 45 0 0 154 7 0 6 154 40 8 81 1 10 1101 25 0 1430 1 94 C3/PS
450 0 0 126 9 0 0 126 90 0 6 125 9 1 2 125 00 8 54 1 07 1067 5 0 1189 1 50 C3/PS
451 0 0 1359 0 0 135 90 1 2 1354 1 6 134 00 9 26 1 16 11575 0 1174 1 40 C3/PS
452 0 0 139 0 0 0 139 00 0 0 1370 0 5 136 75 8 99 1 12 1123 75 0 1237 1 62 C2b
453 0 0 86 4 -0 1 86 45 05 85 9 0 8 85 25 7 42 0 93 927 5 0 0932 1 39 C2b
454 -0 1 95 3 -0 1 95 40 0 8 93 5 1 2 92 50 7 38 0 92 922 5 0 1034 3 04 C2b
455 -0 1 126 3 -0 2 126 45 1 2 126 9 1 5 125 55 7 94 0 99 992 5 0 1274 0 71 C2b
456 -0 2 98 5 -0 3 98 75 01 97 2 0 5 96 90 7 23 0 90 903 75 0 1093 1 87 C2b
192
Low Frequency High Frequency
M S
n
K
LF
A ir
1 K l f
K
L F
A ir
2
K l f
(C orr)
k  h f  
A ir  
1 k  h f
k  h f  
A ir  
2
k  h f  
C orr)
N et
M ass
(g) g/cc
P
kg/m 3
X
k/p
X
f d
% Stra t
457 -0 3 124 3 -0 4 124 65 0 5 122 8 0 7 122 20 8 22 1 03 1027 5 0 1213 1 97 C2b/PS
458 -0 4 116 1 -0 4 116 50 0 7 1125 1 1 111 60 7 94 0 99 992 5 0 1174 421 C2b
459 -0 4 132 2 -0 5 132 65 1 1 130 5 1 5 129 20 8 90 1 11 1112 5 0 1192 2 60 C2b
460 -0 5 137 2 -0 5 137 70 0 0 125 6 0 5 125 35 8 93 1 12 1116 25 0 1234 8 97 C2b
461 -0 5 143 1 -0 5 143 60 0 5 141 9 0 8 141 25 8 80 1 10 1100 0 1305 1 64 C2b
462 -0 5 147 3 -0 4 147 75 0 8 146 6 1 1 145 65 9 62 1 20 1202 5 0 1229 1 42 C2b
463 -0 4 140 5 -0 3 140 85 1 1 141 7 1 4 140 45 9 97 1 25 1246 25 0 1130 0 28 C2b
464 -0 3 92 7 -0 2 92 95 0 0 91 8 0 3 91 65 7 54 0 94 942 5 0 0986 1 40 C2b
465 -0 2 122 5 0 0 122 60 03 122 5 0 7 122 00 961 1 20 1201 25 0 1021 0 49 C2b
466 0 0 133 5 0 2 133 40 0 7 132 3 0 9 131 50 9 63 1 20 1203 75 0 1108 1 42 C2b
467 0 2 125 6 0 5 125 25 0 9 124 4 1 0 123 45 9 46 1 18 1182 5 0 1059 1 44 C2b
468 0 5 141 I 0 6 14Q 55 1 0 139 6 1 5 138 35 9 57 1 20 1196 25 Q 1175 1 57 C2a
469 0 6 117 5 0 7 11685 0 2 1169 0 6 116 50 941 1 18 1176 25 0 0993 0 30 C2a
470 0 7 113 5 0 9 112 70 0 6 1120 0 8 111 30 9 72 1 22 1215 0 0928 1 24 C2a
471 0 9 1194 0 9 118 50 0 8 1189 1 0 118 00 9 29 1 16 1161 25 0 1020 0 42 C2a
472 0 9 124 2 1 0 123 25 1 0 122 5 1 1 121 45 9 33 1 17 1166 25 0 1057 1 46 C2a
473 1 0 136 0 1 1 134 95 1 1 134 3 1 5 133 00 9 83 1 23 1228 75 0 1098 1 44 C2a
474 1 1 122 9 1 1 121 80 0 0 120 0 0 4 119 80 9 18 1 15 1147 5 0 1061 1 64 C2a
475 1 1 1175 1 3 11630 0 4 115 1 0 7 114 55 8 70 1 09 1087 5 0 1069 1 50 C2a
476 0 0 1396 0 0 139 60 0 7 138 5 1 0 137 65 9 50 1 19 11875 0 1176 1 40 C2a
477 0 0 115 7 0 1 11565 1 0 1152 1 6 113 90 8 64 1 08 1080 0 1071 1 51 Cl
478 0 1 105 4 0 2 105 25 0 0 104 1 0 5 103 85 8 39 1 05 1048 75 0 1004 1 33 Cl
479 0 2 129 4 0 2 129 20 0 5 128 2 1 2 127 35 9 25 1 16 1156 25 0 1117 1 43 Cl
480 0 2 123 7 03 123 45 1 2 123 2 2 2 121 50 981 1 23 1226 25 0 1007 1 58 Cl
481 03 114 7 0 3 11440 0 2 113 2 0 9 112 65 8 25 1 03 1031 25 0 1109 1 53 Cl
482 0 3 1180 03 117 70 0 9 1165 1 6 115 25 9 17 1 15 1146 25 0 1027 2 08 Cl
483 0 3 98 2 0 2 97 95 0 0 95 9 0 8 95 50 9 02 1 13 11275 0 0869 2 50 B2
484 0 2 163 2 0 0 163 10 0 8 155 9 1 3 154 85 9 27 1 16 1158 75 0 1408 5 06 B2
485 0 0 224 1 -0 1 224 15 0 2 211 1 0 7 210 65 7 51 0 94 938 75 0 2388 6 02 B2
486 -0 1 188 3 -0 2 188 45 0 7 177 2 1 3 176 20 7 44 0 93 930 0 2026 6 50 B1
487 -0 2 123 9 -0 2 124 10 1 3 1184 1 7 116 90 8 73 1 09 1091 25 0 1137 5 80 B1
488 -0 2 99 3 -0 3 99 55 0 1 94 8 0 6 94 45 9 40 1 18 1175 0 0847 5 12 B1
489 -0 3 114 3 -0 3 114 60 0 6 107 7 1 3 106 75 8 52 1 07 1065 0 1076 6 85 B1
490 -0 3 124 2 -0 4 124 55 1 3 117 8 1 6 11635 7 71 0 96 963 75 0 1292 6 58 E/A
491 -0 4 164 7 -0 5 165 15 0 2 154 7 0 7 154 25 8 08 1 01 1010 0 1635 6 60 E/A
492 -0 5 212 0 -0 5 212 50 0 7 200 6 1 1 199 70 8 08 1 01 1010 0 2104 6 02 E/A
493 -0 5 203 8 -0 4 204 25 1 1 194 9 1 4 193 65 6 70 0 84 837 5 0 2439 5 19 E/A
494 -0 4 260 8 -0 4 261 20 -0 2 246 5 0 1 246 55 6 92 0 87 865 0 3020 561 O/A
495 -0 4 234 6 -0 4 235 00 0 1 223 7 0 7 223 30 5 61 0 70 701 25 03351 4 98 O/A
496 -0 4 73 8 -0 4 74 20 0 7 72 3 0 9 71 50 4 53 0 57 566 25 0 1310 3 64 O/A
497 -0 4 322 0 -0 2 322 30 0 9 3194 1 1 31840 11 25 1 41 1406 25 0 2292 1 21 C4
498 -0 2 3166 0 0 316 70 1 1 3143 1 3 313 10 11 13 1 39 1391 25 0 2276 1 14 C4
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499 0 0 335 5 0 2 335 40 -0 1 331 4 -0 3 331 60 11 35 1 42 1418 75 0 2364 1 13 C4
500 0 2 325 6 0 4 325 30 -0 3 321 2 -0 3 321 50 11 26 1 41 1407 5 0 2311 1 17 C4
501 0 4 189 0 0 7 188 45 -0 3 185 6 -0 3 185 90 9 19 1 15 1148 75 0 1640 1 35 C4
502 0 7 146 8 1 1 145 90 -0 3 143 5 -0 2 143 75 8 46 1 06 1057 5 0 1380 1 47 C4
503 1 1 150 2 1 4 148 95 -0 2 146 3 -0 2 146 50 8 39 1 05 1048 75 0 1420 1 64 C4
504 0 1 162 2 0 5 161 90 -0 2 159 5 0 0 159 60 9 33 1 17 1166 25 0 1388 1 42 C4
505 0 5 1300 0 6 129 45 0 0 127 9 0 2 127 80 8 76 1 10 1095 0 1182 1 27 C4
506 0 6 314 1 0 9 313 35 0 2 309 8 0 3 309 55 10 18 1 27 1272 5 0 2462 1 21 C4
507 0 9 348 7 1 1 347 70 0 3 343 8 0 2 343 55 11 08 1 39 1385 02510 1 19 C4
508 1 1 236 3 1 3 235 10 0 2 232 5 0 3 232 25 931 1 16 1163 75 0 2020 1 21 C3/PS
509 0 0 97 6 0 0 97 60 0 3 96 4 0 1 96 20 7 83 0 98 978 75 0 0997 1 43 C3/PS
510 0 0 144 2 0 1 144 15 0 1 141 7 0 4 141 45 831 1 04 1038 75 0 1388 1 87 C3/PS
511 0 1 1350 0 1 134 90 0 4 132 3 0 7 131 75 8 25 1 03 1031 25 0 1308 2 34 C3/PS
512 0 1 141 6 0  1 141 50 0 7 139 3 0 9 138 50 8 77 1 10 1096 25 0 1291 2 12 C3rt>S
513 0 1 133 9 0 3 133 70 0 9 1323 0 9 131 40 901 1 13 1126 25 0 1187 1 72 C3
514 0 3 140 2 0 3 139 90 0 9 138 6 1 1 137 60 9 13 1 14 1141 25 0 1226 1 64 C3
515 0 3 143 6 0 3 143 30 1 1 142 2 1 5 140 90 931 1 16 1163 75 0 1231 1 67 PS
516 0 3 135 6 03 135 30 0 1 133 3 0 5 133 00 8 96 1 12 1120 0 1208 1 70 C3
517 0 3 142 5 0 5 142 10 0 5 140 7 1 0 139 95 9 34 1 17 1167 5 0 1217 1 51 C3
518 0 5 120 6 0 5 120 10 1 0 1195 1 5 11825 9 12 1 14 1140 0 1054 1 54 C3
519 0 5 125 0 0 6 124 45 0 0 123 1 0 7 122 75 9 27 1 16 1158 75 0 1074 1 37 C3
520 0 6 131 1 0 6 130 50 0 7 131 0 1 4 129 95 9 34 1 17 1167 5 0 1118 0 42 C3
521 0 6 123 6 0 7 122 95 0 1 121 6 0 7 121 20 9 24 1 16 1155 0 1065 1 42 C3
522 0 7 1373 0 6 136 65 0 7 135 7 1 4 134 65 9 18 1 15 1147 5 0 1191 1 46 C3
523 0 6 1380 0 7 137 35 0 1 135 9 0 9 135 40 9 29 1 16 1161 25 0 1183 1 42 C3
524 0 7 1114 0 5 110 80 0 9 1104 1 3 109 30 9 39 1 17 1173 75 0 0944 1 35 C3
525 0 5 120 6 0 4 120 15 1 3 120 0 1 7 118 50 9 28 1 16 1160 0 1036 1 37 C3
526 0 4 1380 0 2 137 70 -0 1 1360 0 4 135 85 9 26 1 16 11575 0 1190 1 34 C3
527 0 2 140 9 -0 1 140 85 0 4 139 5 0 8 138 90 9 39 1 17 1173 75 0 1200 1 38 C3
528 -0 1 1363 -0 4 136 55 0 8 135 9 1 1 134 95 961 1 20 1201 25 0 1137 1 17 C2b
529 -0 4 U 5  5 -0 7 116 05 1 1 1157 1 3 114 50 9 36 1 17 1170 0 0992 1 34 C2b
530 -0 7 139 1 -0 8 139 85 1 3 1393 1 4 137 95 9 77 1 22 1221 25 0 1145 1 36 C2b
531 -0 8 120 6 -0 8 121 40 -0 1 120 1 0 3 120 00 9 84 1 23 1230 0 0987 1 15 C2b
532 -0 8 129 4 -0 9 130 25 0 3 129 0 0 4 128 65 9 78 1 22 1222 5 0 1065 1 23 C2a
533 -0 9 147 6 -0 9 148 50 0 4 146 6 0 5 146 15 9 99 1 25 1248 75 0 1189 1 58 C2a
534 -0 9 135 8 -0 8 136 65 0 5 134 8 0 6 134 25 1001 1 25 1251 25 0 1092 1 76 C2a
535 -0 8 1103 -0 8 111 10 0 6 108 9 0 8 108 20 10 28 1 29 1285 0 0865 2 61 B2
536 -0 8 100 7 -0 7 101 45 0 8 97 5 0 8 96 70 10 50 1 31 13125 0 0773 4 68 B2
537 -0 7 67 6 -0 4 68 15 0 8 6 4 9 0 9 64 05 8 13 1 02 101625 0 0671 6 02 B2
538 -0 4 57 2 -0 2 57 50 0 9 54 6 1 0 53 65 9 17 1 15 1146 25 0 0502 6 70 B2
539 -0 2 66 9 -0 1 67 05 1 0 63 4 1 1 62 35 9 58 1 20 1197 5 0 0560 7 01 B2
540 -0 1 93 2 0 1 93 20 1 1 87 4 1 0 86 35 9 13 1 14 1141 25 0 0817 735 B2
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541 0 1 93 4 0 5 93 10 1 0 87 2 11 86 15 9 56 1 20 1195 0 0779 7 47 B2
542 05 83 9 0 7 83 30 11 77 9 11 76 80 941 1 18 1176 25 0 0708 7 80 B2
543 0 7 126 3 0 9 125 50 i l 117 5 0 9 116 50 8 50 1 06 1062 5 0 1181 7 17 Bl
544 0 9 1573 1 2 156 25 0 9 146 4 1 1 145 40 8 94 1 12 1117 5 0 1398 6 94 Bl
545 1 2 160 7 1 3 159 45 1 1 148 7 0 9 147 70 8 82 1 10 1102 5 0 1446 7 37 Bl
546 0 1 160 5 0 2 160 35 0 9 150 7 1 2 149 65 801 1 00 1001 25 0 1601 6 67 Bl
547 02 180 1 03 179 85 1 2 170 0 1 1 168 85 7 67 0 96 958 75 0 1876 6 12 Bl
548 03 211 9 03 211 60 1 1 200 3 1 2 199 15 7 27 091 908 75 0 2328 5 88 E/A
549 03 2150 0 5 214 60 1 2 203 7 1 4 202 40 6 51 0 81 813 75 0 2637 5 68 E/A
550 05 243 6 0 6 243 05 -0 2 227 2 0 1 227 25 7 27 091 908 75 0 2675 6 50 E/A
551 0 6 316 8 0 8 316 10 0 1 298 3 0 4 298 05 6 47 081 808 75 0 3909 5 71 E/A
552 0 8 425 7 0 9 424 85 0 4 400 7 0 7 400 15 6 28 0 79 785 0 5412 5 81 O/A
553 0 9 158 5 0 9 157 60 0 7 1507 0 9 149 90 4 23 0 53 528 75 0 2981 4 89 0
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Appendix C 
Geochemical Data and Calculations 
Table C-l Channel Set for Application McCarthMajTrac
Channel Type Line X-tal Collimator Detector
Si Gonio KA PE 002 300 pm Flow
A1 Gonio KA PE 002 300 pm Flow
Fe Gonio KA LiF 200 300 pm Flow
Na Gonio KA PX1 700 pm Flow
Mg Gonio KA PX1 700 pm Flow
P Gonio KA Ge 111 300 pm Flow
K Gonio KA LiF 200 300 pm Flow
Ca Gonio KA LiF 200 300 pm Flow
Mn Gonio KA LiF 200 300 pm Flow
Ti Gonio KA LiF 200 300 pm Flow
S Gonio KA Ge 111 300 pm Flow
V Gonio KA LiF 220 300 pm Flow
Cr Gonio KA LiF 220 300 pm Flow
Co Gonio KA LiF 200 150 pm Flow
Ni Gonio KA LiF 200 150 pm Flow
Cu Gonio KA LiF 200 150 pm Flow
Zn Gonio KA LiF 200 150 pm Scint.
As Gonio KB LiF 200 150 pm Scint.
Rb Gonio KA LiF 200 150 pm Scint.
Sr Gonio KA LiF 200 150 pm Scint.
196
Channel Type Line X-tal Collimator Detector
Y Gonio KA LiF 200 150 pm Scint.
Zr Gonio KA LiF 200 150 pm Scint.
Nb Gonio KA LiF 200 150 pm Scint.
Ba Gonio LA LiF 200 300 pm Flow
Pb Gonio LB1 LiF 200 150 pm Scint.
Cl Gonio KA Ge 111 300 pm Flow
W Gonio LA LiF 200 150 pm Flow
F Gonio KA PX1 700 pm Flow
Sn Gonio KA LiF 200 150 pm Scint.
Sb Gonio KA LiF 200 150 pm Scint.
Rhl Gonio KA-C LiF 200 300 pm Scint.
Channel Angle Offset Bgl Offset Bg2 PHD1 PHD1
(°2T) (°2T) (°2T) LL UL
Si 109.1614 2.0834 25 75
A1 144.9898 -3.7656 25 75
Fe 57.5408 0.951 15 67
Na 27.067 -1.8496 1.838 36 65
Mg 22.4166 -1.2678 1.5262 36 65
P 140.9438 1.756 36 65
K 136.7502 -2.6472 30 70
Ca 113.1622 1.7554 25 75
Mn 63.0084 0.9978 15 65
Ti 86.198 -1.356 30 70
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Channel Angle Offset B gl Offset Bg2 PHD1 PHD1
S 110.6772 -1.8396 2.6088 38 64
V 123.294 -1.3008 30 60
Cr 107.2196 -1.2278 2.2768 30 60
Co 52.8032 1.3054 20 68
Ni 48.678 -1.7214 1.2648 20 65
Cu 45.0134 -2.5 1.8 20 67
Zn 41.7752 -0.85 0.688 30 68
As 30.4302 0.619 35 65
Rb 26.5726 30 70
Sr 25.1048 -0.7044 0.687 30 70
Y 23.7402 30 70
Zr 22.4958 0.7124 30 68
Nb 21.352 -0.4774 30 70
Ba 87.2106 1.3832 30 60
Pb 28.2234 1.2742 34 65
Cl 92.7584 -0.858 0.8102 37 66
W 43.0234 -0.5024 21 65
F 42.1442 1.325 27 72
Sn 14.007 0.4324 30 60
Sb 13.4058 -0.352 30 60
Rhl 18.4296 -0.563 1.2084 26 78
Channel kV mA PHD1 Fact Att. PSC
198
Si 32 125 1 No Yes
A1 32 125 1 No Yes
Fe 60 66 1 No Yes
Na 32 125 1 No Yes
Mg 32 125 1 No Yes
P 32 125 1 No Yes
K ' 32 125 1 No Yes
Ca 32 125 1 No Yes
Mn 57 70 1 No Yes
Ti 42 95 1 No Yes
S 32 125 1 No Yes
V 47 85 1 No Yes
Cr 57 70 1 No Yes
Co 60 66 1 No Yes
Ni 60 66 1 No Yes
Cu 60 66 1 No Yes
Zn 60 66 1 No Yes
As 60 66 1 No Yes
Rb 60 66 1 No Yes
Sr 60 66 1 No Yes
Y 60 66 1 No Yes
Zr 60 66 1 No Yes
Nb 60 66 1 No Yes
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Channel kV rnA PHD1 Fact Att. PSC
Ba 42 95 1 No Yes
Pb 60 66 1 No Yes
Cl 32 125 1 No Yes
W 60 66 1 No Yes
F 32 125 1 No No
Sn 60 66 1 No Yes
Sb 60 66 1 No Yes
Rhl 60 66 1 No Yes
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Appendix C 
Geochemical Information
Table C-2 Geochemical information
BD-15
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo 
f  PM
Strai
n
Wt
%
PM
Mwt
%/
Mpm
%
Zrw / 
Zrp CR
Si02 60.08 57.31 0.95 0.79 45.27 59.98 0.30
56.0
6 1.02 1.01 1.04
A1203 101.96 16.16 0.16 0.79 12.77
17.0
5 0.32
15.9
3 1.01 1.01 1.03
Fe203 159.69 6.58 0.04 0.79 5.20 6.87 0.29 6.42 1.02 1.01 1.04
CaO 56.08 2.51 0.04 0.79 1.98 3.66 1.51 3.42 0.73 1.01 0.74
MgO 40.30 2.49 0.06 0.79 1.97 2.85 0.55 2.66 0.94 1.01 0.95
Na20 61.98 1.57 0.03 0.79 1.24 1.64 0.29 1.53 1.03 1.01 1.04
K 20 94.20 2.51 0.03 0.79 1.98 2.87 0.54 2.68 0.94 1.01 0.95
Cr20
3 151.99 0.01 0.00 0.79 0.01 0.01 0.49 0.01 0.95 1.01 0.96
Ti02 79.88 0.88 0.01 0.79 0.70 0.89 0.20 0.83 1.06 1.01 1.07
MnO 70.94 0.14 0.00 0.79 0.11 0.11 -0.31 0.10 1.40 1.01 1.42
P205 141.94 0.32 0.00 0.79 0.25 0.16 -0.70 0.15 2.13 1.01 2.16
Sr 87.62 0.03 0.00 0.79 0.02 0.03 0.55 0.03 0.93 1.01 0.95
Ba 137.33 0.08 0.00 0.79 0.07 0.09 0.43 0.09 0.97 1.01 0.99
Zr 91.22 0.04 0.00 0.79 0.03 0.04 0.32 0.04 1.01
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/AI
1.99 0.17 23.31 0.19 0.95 0.16 62.10 1.00
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BD-16
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 57.64 0.96 1.10 63.40 59.98 -0.08
56.0
6 1.03 1.03 1.06
AI203 101.96 17.63 0.17 1.10 19.39 17.05 -0.21
15.9
3 1.11 1.03 1.14
Fe203 159.69 6.75 0.04 1.10 7.43 6.87 -0.12 6.42 1.05 1.03 1.08
CaO 56.08 1.93 0.03 1.10 2.12 3.66 2.05 3.42 0.56 1.03 0.58
MgO 40.30 2.36 0.06 1.10 2.60 2.85 0.24 2.66 0.89 1.03 0.91
N a20 61.98 1.32 0.02 1.10 1.45 1.64 0.31 1.53 0.86 1.03 0.89
K 20 94.20 2.65 0.03 1.10 2.92 2.87 -0.01 2.68 0.99 1.03 1.02
Cr20
3 151.99 0.01 0.00 1.10 0.01 0.01 -0.06 0.01 1.02 1.03 1.05
Ti02 79.88 0.92 0.01 1.10 1.01 0.89 -0.21 0.83 1.11 1.03 1.14
MnO 70.94 0.10 0.00 1.10 0.11 0.11 -0.03 0.10 1.00 1.03 1.03
P205 141.94 0.11 0.00 1.10 0.12 0.16 0.81 0.15 0.73 1.03 0.76
Sr 87.62 0.02 0.00 1.10 0.03 0.03 0.56 0.03 0.79 1.03 0.81
Ba 137.33 0.09 0.00 1.10 0.10 0.09 -0.12 0.09 1.05 1.03 1.09
Zr 91.22 0.04 0.00 1.10 0.04 0.04 -0.08 0.04 1.03 1.03
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
2.55 0.18 22.87 0.15 0.76 0.12 67.34 0.82
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B3
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw/ 
Zrp CR
Si02 60.08 56.52 0.94 1.29 72.63 59.98 -0.18
56.0
6 1.01 1.03 1.04
A1203 101.96 18.69 0.18 1.29 24.02 17.05 -0.40
15.9
3 1.17 1.03 1.21
Fe203 159.69 7.22 0.05 1.29 9.28 6.87 -0.34 6.42 1.12 1.03 1.16
CaO 56.08 1.60 0.03 1.29 2.06 3.66 2.80 3.42 0.47 1.03 0.48
MgO 40.30 2.42 0.06 1.29 3.11 2.85 0.01 2.66 0.91 1.03 0.94
N a20 61.98 1.12 0.02 1.29 1.44 1.64 0.55 1.53 0.73 1.03 0.75
K 20 94.20 2.96 0.03 1.29 3.80 2.87 -0.32 2.68 1.10 1.03 1.14
Cr203 151.99 0.01 0.00 1.29 0.02 0.01 -0.25 0.01 1.06 1.03 1.09
T i02 79.88 0.91 0.01 1.29 1.17 0.89 -0.31 0.83 1.10 1.03 1.13
MnO 70.94 0.09 0.00 1.29 0.12 0.11 0.03 0.10 0.90 1.03 0.93
P205 141.94 0.09 0.00 1.29 0.12 0.16 1.31 0.15 0.60 1.03 0.62
Sr 87.62 0.02 0.00 1.29 0.03 0.03 0.69 0.03 0.70 1.03 0.72
Ba 137.33 0.10 0.00 1.29 0.13 0.09 -0.38 0.09 1.16 1.03 1.20
Zr 91.22 0.04 0.00 1.29 0.05 0.04 -0.21 0.04 1.03 0.00
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
3.16 0.19 20.99 0.13 0.58 0.10 70.14 0.75
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BD-17
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 57.60 0.96 1.50 86.40 59.98 -0.32
56.0
6 1.03 1.01 1.04
A1203 101.96 18.42 0.18 1.50 27.63 17.05 -0.47
15.9
3 1.16 1.01 1.17
Fe203 159.69 7.20 0.05 1.50 10.80 6.87 -0.43 6.42 1.12 1.01 1.13
CaO 56.08 1.87 0.03 1.50 2.81 3.66 1.39 3.42 0.55 1.01 0.55
MgO 40.30 2.45 0.06 1.50 3.68 2.85 -0.16 2.66 0.92 1.01 0.93
Na20 61.98 1.21 0.02 1.50 1.82 1.64 0.14 1.53 0.79 1.01 0.80
K 20 94.20 2.64 0.03 1.50 3.96 2.87 -0.26 2.68 0.99 1.01 0.99
Cr20
3 151.99 0.01 0.00 1.50 0.02 0.01 -0.39 0.01 1.08 1.01 1.09
Ti02 79.88 0.93 0.01 1.50 1.40 0.89 -0.43 0.83 1.12 1.01 1.13
MnO 70.94 0.13 0.00 1.50 0.20 0.11 -0.58 0.10 1.30 1.01 1.31
P205 141.94 0.11 0.00 1.50 0.17 0.16 0.33 0.15 0.73 1.01 0.74
Sr 87.62 0.02 0.00 1.50 0.03 0.03 0.31 0.03 0.74 1.01 0.74
Ba 137.33 0.10 0.00 1.50 0.15 0.09 -0.45 0.09 1.14 1.01 1.14
Zr 91.22 0.04 0.00 1.50 0.06 0.04 -0.30 0.04 1.01
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/Al
2.94 0.19 21.44 0.14 0.70 0.11 69.07 0.78
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BD-18
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 56.39 0.94 1.21 68.23 59.98 -0.13
56.0
6 1.01 0.91 0.91
A1203 101.96 18.99 0.19 1.21 22.98 17.05 -0.38
15.9
3 1.19 0.91 1.08
Fe203 159.69 6.88 0.04 1.21 8.32 6.87 -0.23 6.42 1.07 0.91 0.97
CaO 56.08 1.66 0.03 1.21 2.01 3.66 2.75 3.42 0.49 0.91 0.44
MgO 40.30 2.73 0.07 1.21 3.30 2.85 -0.16 2.66 1.03 0.91 0.93
Na20 61.98 1.27 0.02 1.21 1.54 1.64 0.28 1.53 0.83 0.91 0.75
K 20 94.20 3.40 0.04 1.21 4.11 2.87 -0.45 2.68 1.27 0.91 1.15
Cr20
3 151.99 0.01 0.00 1.21 0.01 0.01 0.01 0.01 0.94 0.91 0.85
Ti02 79.88 0.82 0.01 1.21 0.99 0.89 -0.09 0.83 0.99 0.91 0.89
MnO 70.94 0.09 0.00 1.21 0.11 0.11 0.09 0.10 0.90 0.91 0.82
P205 141.94 0.14 0.00 1.21 0.17 0.16 0.02 0.15 0.93 0.91 0.85
Sr 87.62 0.02 0.00 1.21 0.03 0.03 0.55 0.03 0.75 0.91 0.68
Ba 137.33 0.10 0.00 1.21 0.12 0.09 -0.36 0.09 1.17 0.91 1.06
Zr 91.22 0.04 1.21 0.04 0.04 0.08 0.04 0.91
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
2.97 0.20 21.97 0.15 0.57 0.11 68.36 0.83
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BD-2
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 57.15 0.95 1.25 71.29 59.98 -0.17
56.0
6 1.02 1.00 1.02
A1203 101.96 19.23 0.19 1.25 23.99 17.05 -0.41
15.9
3 1.21 1.00 1.21
Fe203 159.69 7.03 0.04 1.25 8.77 6.87 -0.28 6.42 1.10 1.00 1.10
CaO 56.08 1.54 0.03 1.25 1.92 3.66 3.23 3.42 0.45 1.00 0.45
MgO 40.30 2.54 0.06 1.25 3.17 2.85 -0.06 2.66 0.95 1.00 0.95
Na20 61.98 1.13 0.02 1.25 1.41 1.64 0.57 1.53 0.74 1.00 0.74
K 20 94.20 3.01 0.03 1.25 3.75 2.87 -0.32 2.68 1.12 1.00 1.12
Cr20
3 151.99 0.01 0.00 1.25 0.02 0.01 -0.30 0.01 1.10 1.00 1.10
Ti02 79.88 0.90 0.01 1.25 1.12 0.89 -0.27 0.83 1.08 1.00 1.08
MnO 70.94 0.07 0.00 1.25 0.09 0.11 0.75 0.10 0.70 1.00 0.70
P205 141.94 0.08 0.00 1.25 0.10 0.16 2.02 0.15 0.53 1.00 0.53
Sr 87.62 0.02 0.00 1.25 0.02 0.03 0.86 0.03 0.68 1.00 0.68
Ba 137.33 0.10 0.00 1.25 0.13 0.09 -0.41 0.09 1.21 1.00 1.21
Zr 91.22 0.04 1.25 0.05 0.04 -0.14 0.04 1.00
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/Al
3.41 0.20 21.80 0.13 0.57 0.10 70.84 0.75
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BD-19
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw/ 
Zrp CR
Si02 60.08 59.25 0.99 1.18 69.92 59.98 -0.19
56.0
6 1.06 0.88 0.93
A1203 101.96 17.47 0.17 1.18 20.61 17.05 -0.25
15.9
3 1.10 0.88 0.97
Fe203 159.69 6.51 0.04 1.18 7.68 6.87 -0.12 6.42 1.01 0.88 0.89
CaO 56.08 2.06 0.04 1.18 2.43 3.66 1.50 3.42 0.60 0.88 0.53
MgO 40.30 2.86 0.07 1.18 3.37 2.85 -0.22 2.66 1.08 0.88 0.95
Na20 61.98 1.56 0.03 1.18 1.84 1.64 -0.13 1.53 1.02 0.88 0.90
K 20 94.20 2.97 0.03 1.18 3.50 2.87 -0.26 2.68 1.11 0.88 0.98
Cr20
3 151.99 0.01 0.00 1.18 0.01 0.01 0.13 0.01 0.90 0.88 0.79
Ti02 79.88 0.86 0.01 1.18 1.01 0.89 -0.16 0.83 1.04 0.88 0.91
MnO 70.94 0.09 0.00 1.18 0.11 0.11 0.12 0.10 0.90 0.88 0.79
P205 141.94 0.17 0.00 1.18 0.20 0.16 -0.29 0.15 1.13 0.88 1.00
Sr 87.62 0.02 0.00 1.18 0.03 0.03 0.55 0.03 0.76 0.88 0.67
Ba 137.33 0.09 0.00 1.18 0.11 0.09 -0.22 0.09 1.08 0.88 0.95
Zr 91.22 0.03 1.18 0.04 0.04 0.17 0.04 0.88
Ba/Sr Al/Si Si/Fe+AI
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
2.68 0.17 24.36 0.18 0.80 0.15 64.71 0.96
207
BD-20
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
1PM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 59.46 0.99 1.24 73.73 59.98 -0.23
56.0
6 1.06 0.81 0.86
A1203 101.96 17.18 0.17 1.24 21.30
17.0
5 -0.26
15.9
3 1.08 0.81 0.87
Fe203 159.69 6.33 0.04 1.24 7.85 6.87 -0.11 6.42 0.99 0.81 0.80
CaO 56.08 2.18 0.04 1.24 2.70 3.66 1.12 3.42 0.64 0.81 0.52
MgO 40.30 2.83 0.07 1.24 3.51 2.85 -0.24 2.66 1.06 0.81 0.86
N a20 61.98 1.62 0.03 1.24 2.01 1.64 -0.23 1.53 1.06 0.81 0.86
K 20 94.20 2.94 0.03 1.24 3.65 2.87 -0.28 2.68 1.10 0.81 0.89
Cr203 151.99 0.01 0.00 1.24 0.01 0.01 0.09 0.01 0.89 0.81 0.72
Ti02 79.88 0.81 0.01 1.24 1.00 0.89 -0.09 0.83 0.98 0.81 0.79
MnO 70.94 0.12 0.00 1.24 0.15 0.11 -0.40 0.10 1.20 0.81 0.97
P205 141.94 0.17 0.00 1.24 0.21 0.16 -0.33 0.15 1.13 0.81 0.92
Sr 87.62 0.02 0.00 1.24 0.03 0.03 0.29 0.03 0.82 0.81 0.66
Ba 137.33 0.09 0.00 1.24 0.12 0.09 -0.25 0.09 1.08 0.81 0.87
Zr 91.22 0.03 1.24 0.04 0.04 0.32 0.04 0.81
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/Al
2.51 0.17 25.13 0.19 0.84 0.16 63.65 0.99
208
BD-21
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 58.78 0.98 1.25 73.73 59.98 -0.22
56.0
6 1.05 0.85 0.89
A1203 101.96 16.57 0.16 1.25 20.78 17.05 -0.21
15.9
3 1.04 0.85 0.88
Fe203 159.69 6.32 0.04 1.25 7.93 6.87 -0.12 6.42 0.98 0.85 0.84
CaO 56.08 2.04 0.04 1.25 2.56 3.66 1.40 3.42 0.60 0.85 0.51
MgO 40.30 2.67 0.07 1.25 3.35 2.85 -0.15 2.66 1.00 0.85 0.85
Na20 61.98 1.55 0.03 1.25 1.94 1.64 -0.17 1.53 1.01 0.85 0.86
K 20 94.20 2.92 0.03 1.25 3.66 2.87 -0.28 2.68 1.09 0.85 0.93
Cr20
3 151.99 0.01 0.00 1.25 0.01 0.01 -0.03 0.01 0.94 0.85 0.80
Ti02 79.88 0.78 0.01 1.25 0.98 0.89 -0.03 0.83 0.94 0.85 0.80
MnO 70.94 0.11 0.00 1.25 0.14 0.11 -0.29 0.10 1.10 0.85 0.93
P205 141.94 0.18 0.00 1.25 0.23 0.16 -0.41 0.15 1.20 0.85 1.02
Sr 87.62 0.02 0.00 1.25 0.03 0.03 0.26 0.03 0.82 0.85 0.70
Ba 137.33 0.09 0.00 1.25 0.11 0.09 -0.15 0.09 1.00 0.85 0.85
Zr 91.22 0.03 1.25 0.04 0.04 0.18 0.04 0.85
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
AI CIA (Ca+K+Mg+Na)/Al
2.32 0.17 24.88 0.18 0.81 0.15 63.76 0.98
209
BD-22
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 58.91 0.98 1.17 68.92 59.98 -0.17
56.0
6 1.05 0.88 0.92
A1203 101.96 16.69 0.16 1.17 19.53 17.05 -0.17
15.9
3 1.05 0.88 0.92
Fe203 159.69 6.42 0.04 1.17 7.51 6.87 -0.09 6.42 1.00 0.88 0.88
CaO 56.08 2.07 0.04 1.17 2.42 3.66 1.50 3.42 0.61 0.88 0.53
MgO 40.30 2.75 0.07 1.17 3.22 2.85 -0.14 2.66 1.03 0.88 0.90
N a20 61.98 1.56 0.03 1.17 1.83 1.64 -0.12 1.53 1.02 0.88 0.89
K 20 94.20 2.96 0.03 1.17 3.46 2.87 -0.25 2.68 1.10 0.88 0.97
Cr20
3 151.99 0.01 0.00 1.17 0.01 0.01 0.10 0.01 0.91 0.88 0.80
Ti02 79.88 0.80 0.01 1.17 0.94 0.89 -0.02 0.83 0.96 0.88 0.84
MnO 70.94 0.10 0.00 1.17 0.12 0.11 -0.09 0.10 1.00 0.88 0.88
P205 141.94 0.16 0.00 1.17 0.19 0.16 -0.20 0.15 1.07 0.88 0.93
Sr 87.62 0.02 0.00 1.17 0.03 0.03 0.37 0.03 0.82 0.88 0.71
Ba 137.33 0.09 0.00 1.17 0.11 0.09 -0.17 0.09 1.05 0.88 0.92
Zr 91.22 0.03 1.17 0.04 0.04 0.19 0.04 0.88
Ba/Sr Al/Si Si/Fe+A1
K+N
a/AI Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
2.46 0.17 24.55 0.19 0.80 0.15 63.64 0.99
210
Feature 4
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw/
Zrp CR
Si02 60.08 51.82 0.86 1.10 56.81 59.98 0.14
56.0
6 0.92 1.07 0.99
A1203 101.96 14.65 0.14 1.10 16.06 17.05 0.15
15.9
3 0.92 1.07 0.98
Fe203 159.69 6.29 0.04 1.10 6.90 6.87 0.02 6.42 0.98 1.07 1.04
CaO 56.08 7.58 0.14 1.10 8.31 3.66 -0.80 3.42 2.22 1.07 2.36
MgO 40.30 2.59 0.06 1.10 2.84 2.85 0.03 2.66 0.97 1.07 1.04
N a20 61.98 1.27 0.02 1.10 1.39 1.64 0.42 1.53 0.83 1.07 0.88
K 20 94.20 2.71 0.03 1.10 2.97 2.87 -0.05 2.68 1.01 1.07 1.08
Cr203 151.99 0.01 0.00 1.10 0.01 0.01 0.26 0.01 0.88 1.07 0.94
Ti02 79.88 0.81 0.01 1.10 0.89 0.89 0.02 0.83 0.98 1.07 1.04
MnO 70.94 0.11 0.00 1.10 0.12 0.11 -0.19 0.10 1.10 1.07 1.17
P205 141.94 0.48 0.00 1.10 0.53 0.16 -0.90 0.15 3.20 1.07 3.41
Sr 87.62 0.03 0.00 1.10 0.04 0.03 -0.28 0.03 1.16 1.07 1.24
Ba 137.33 0.09 0.00 1.10 0.10 0.09 -0.13 0.09 1.06 1.07 1.13
Zr 91.22 0.04 1.10 0.05 0.04 -0.14 0.04 1.07
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/Al
1.74 0.17 22.04 0.17 0.71 0.14 43.79 1.73
211
BD-23
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw/
Zrp CR
Si02 60.08 57.97 0.96 1.17 67.82 59.98 -0.14
56.0
6 1.03 0.88 0.91
A1203 101.96 16.28 0.16 1.17 19.05 17.05 -0.12
15.9
3 1.02 0.88 0.90
Fe203 159.69 6.51 0.04 1.17 7.62 6.87 -0.11 6.42 1.01 0.88 0.90
CaO 56.08 2.95 0.05 1.17 3.45 3.66 0.23 3.42 0.86 0.88 0.76
MgO 40.30 2.74 0.07 1.17 3.21 2.85 -0.14 2.66 1.03 0.88 0.91
Na20 61.98 1.54 0.02 1.17 1.80 1.64 -0.10 1.53 1.01 0.88 0.89
K 20 94.20 2.84 0.03 1.17 3.32 2.87 -0.19 2.68 1.06 0.88 0.94
Cr20
3 151.99 0.01 0.00 1.17 0.01 0.01 0.04 0.01 0.94 0.88 0.83
Ti02 79.88 0.82 0.01 1.17 0.96 0.89 -0.06 0.83 0.99 0.88 0.87
MnO 70.94 0.11 0.00 1.17 0.13 0.11 -0.24 0.10 1.10 0.88 0.97
P205 141.94 0.16 0.00 1.17 0.19 0.16 -0.20 0.15 1.07 0.88 0.94
Sr 87.62 0.03 0.00 1.17 0.03 0.03 0.17 0.03 0.88 0.88 0.78
Ba 137.33 0.09 0.00 1.17 0.11 0.09 -0.18 0.09 1.06 0.88 0.93
Zr 91.22 0.03 1.17 0.04 0.04 0.17 0.04 0.88
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+N a)/Al
2.29 0.17 23.83 0.19 0.82 0.16 59.74 1.10
212
BD-24
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 56.33 0.94 62.53 59.98 -0.05
56.0
6 1.00 0.93 0.94
A1203 101.96 16.20 0.16 1.11 17.98 17.05 -0.07
15.9
3 1.02 0.93 0.95
Fe203 159.69 6.52 0.04 1.11 7.24 6.87 -0.07 6.42 1.02 0.93 0.95
CaO 56.08 3.34 0.06 1.11 3.71 3.66 0.01 3.42 0.98 0.93 0.91
MgO 40.30 2.70 0.07 1.11 3.00 2.85 -0.06 2.66 1.02 0.93 0.95
N a20 61.98 1.51 0.02 1.11 1.68 1.64 -0.01 1.53 0.99 0.93 0.92
K 20 94.20 2.74 0.03 1.11 3.04 2.87 -0.08 2.68 1.02 0.93 0.95
Cr20
3 151.99 0.01 0.00
1.11 0.02 0.01 -0.30 0.01 1.18 0.93 1.10
Ti02 79.88 0.82 0.01 1.11 0.91 0.89 -0.01 0.83 0.99 0.93 0.92
MnO 70.94 0.11 0.00 1.11 0.12 0.11 -0.20 0.10 1.10 0.93 1.02
P205 141.94 0.15 0.00 1.11 0.17 0.16 -0.04 0.15 1.00 0.93 0.93
Sr 87.62 0.03 0.00 1.11 0.03 0.03 0.10 0.03 0.94 0.93 0.87
Ba 137.33 0.09 0.00 1.11 0.10 0.09 -0.05 0.09 1.01 0.93 0.94
Zr 91.22 0.04 1.11 0.04 0.04 0.11 0.04 0.93
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
2.05 0.17 23.12 0.18 0.84 0.15
58.4
4 1.13
213
BD-25
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 57.49 0.96 1.11 63.81 59.98 -0.08
56.0
6 1.03 0.93 0.96
A1203 101.96 16.65 0.16 1.11 18.48 17.05 -0.12
15.9
3 1.05 0.93 0.97
Fe203 159.69 6.54 0.04 1.11 7.26 6.87 -0.07 6.42 1.02 0.93 0.95
CaO 56.08 3.21 0.06 1.11 3.56 3.66 0.09 3.42 0.94 0.93 0.87
MgO 40.30 2.68 0.07 1.11 2.97 2.85 -0.05 2.66 1.01 0.93 0.94
N a20 61.98 1.54 0.02 1.11 1.71 1.64 -0.05 1.53 1.01 0.93 0.94
K 20 94.20 2.88 0.03 1.11 3.20 2.87 -0.17 2.68 1.07 0.93 1.00
Cr20
3 151.99 0.01 0.00 1.11 0.01 0.01 0.01 0.01 0.98 0.93 0.91
Ti02 79.88 0.85 0.01 1.11 0.94 0.89 -0.08 0.83 1.02 0.93 0.95
MnO 70.94 0.10 0.00 1.11 0.11 0.11 -0.04 0.10 1.00 0.93 0.93
P205 141.94 0.13 0.00 1.11 0.14 0.16 0.28 0.15 0.87 0.93 0.81
Sr 87.62 0.03 0.00 1.11 0.03 0.03 0.15 0.03 0.92 0.93 0.85
Ba 137.33 0.09 0.00 1.11 0.10 0.09 -0.14 0.09 1.06 0.93 0.98
Zr 91.22 0.04 1.11 0.04 0.04 0.11 0.04 0.93
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
2.20 0.17 23.53 0.18 0.81 0.15 59.17 1.10
214
PS E44
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 56.73 0.94 1.06 59.92 59.98 -0.01
56.0
6 1.01 0.93 0.95
A1203 101.96 15.97 0.16 1.06 16.87 17.05 0.01
15.9
3 1.00 0.93 0.94
Fe203 159.69 6.66 0.04 1.06 7.03 6.87 -0.06 6.42 1.04 0.93 0.97
CaO 56.08 3.72 0.07 1.06 3.93 3.66 -0.14 3.42 1.09 0.93 1.02
MgO 40.30 2.74 0.07 1.06 2.89 2.85 -0.05 2.66 1.03 0.93 0.96
N a20 61.98 1.52 0.02 1.06 1.61 1.64 0.03 1.53 0.99 0.93 0.93
K 20 94.20 2.69 0.03 1.06 2.84 2.87 0.01 2.68 1.00 0.93 0.94
Cr203 151.99 0.01 0.00 1.06 0.01 0.01 0.36 0.01 0.86 0.93 0.81
Ti02 79.88 0.85 0.01 1.06 0.90 0.89 -0.03 0.83 1.02 0.93 0.96
MnO 70.94 0.11 0.00 1.06 0.12 0.11 -0.16 0.10 1.10 0.93 1.03
P205 141.94 0.18 0.00 1.06 0.19 0.16 -0.30 0.15 1.20 0.93 1.12
Sr 87.62 0.03 0.00 1.06 0.03 0.03 0.10 0.03 0.96 0.93 0.90
Ba 137.33 0.09 0.00 1.06 0.10 0.09 -0.07 0.09 1.05 0.93 0.98
Zr 91.22 0.04 1.06 0.04 0.04 0.16 0.04 0.93
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/AI
2.08 0.17 22.80 0.19 0.86 0.16 56.74 1.20
215
BD-26
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%p
M
Mwt
%/M
pm%
Zrw/
Zrp CR
S i0 2 60.08 56.06 0.93 1.07 59.98 59.98 0.00
56.0
6 1.00 1.00 1.00
A1203 101.96 15.93 0.16 1.07 17.05 17.05 0.00
15.9
3 1.00 1.00 1.00
F e203 159.69 6.42 0.04 1.07 6.87 6.87 0.00 6.42 1.00 1.00 1.00
CaO 56.08 3.42 0.06 1.07 3.66 3.66 0.00 3.42 1.00 1.00 1.00
MgO 40.30 2.66 0.07 1.07 2.85 2.85 0.00 2.66 1.00 1.00 1.00
N a20 61.98 1.53 0.02 1.07 1.64 1.64 0.00 1.53 1.00 1.00 1.00
K 2 0 94.20 2.68 0.03 1.07 2.87 2.87 0.00 2.68 1.00 1.00 1.00
C r20
3 151.99 0.01 0.00 1.07 0.01 0.01 0.00 0.01 1.00 1.00 1.00
T i02 79.88 0.83 0.01 1.07 0.89 0.89 0.00 0.83 1.00 1.00 1.00
MnO 70.94 0.10 0.00 1.07 0.11 0.11 0.00 0.10 1.00 1.00 1.00
P 2 0 5 141.94 0.15 0.00 1.07 0.16 0.16 0.00 0.15 1.00 1.00 1.00
Sr 87.62 0.03 0.00 1.07 0.03 0.03 0.00 0.03 1.00 1.00 1.00
Ba 137.33 0.09 0.00 1.07 0.09 0.09 0.00 0.09 1.00 1.00 1.00
Zr 91.22 0.04 1.07 0.04 0.04 0.00 0.04 1.00
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
1.91 0.17 23.36 0.19 0.87 0.16 57.79 1.15
216
BD-27
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 54.95 0.91 1.01 55.50 59.98 0.10
56.0
6 0.98 0.96 0.95
A1203 101.96 15.38 0.15 1.01 15.53 17.05 0.14
15.9
3 0.97 0.96 0.93
Fe203 159.69 6.26 0.04 1.01 6.32 6.87 0.11 6.42 0.98 0.96 0.94
CaO 56.08 4.65 0.08 1.01 4.70 3.66 -0.43 3.42 1.36 0.96 1.31
MgO 40.30 2.75 0.07 1.01 2.78 2.85 -0.01 2.66 1.03 0.96 1.00
Na20 61.98 1.59 0.03 1.01 1.61 1.64 -0.02 1.53 1.04 0.96 1.00
K 20 94.20 2.49 0.03 1.01 2.51 2.87 0.23 2.68 0.93 0.96 0.90
Cr20
3 151.99 0.01 0.00 1.01 0.01 0.01 0.08 0.01 0.99 0.96 0.96
Ti02 79.88 0.83 0.01 1.01 0.84 0.89 0.06 0.83 1.00 0.96 0.96
MnO 70.94 0.10 0.00 1.01 0.10 0.11 0.06 0.10 1.00 0.96 0.96
P205 141.94 0.18 0.00 1.01 0.18 0.16 -0.26 0.15 1.20 0.96 1.16
Sr 87.62 0.03 0.00 1.01 0.03 0.03 -0.17 0.03 1.13 0.96 1.09
Ba 137.33 0.09 0.00 1.01 0.09 0.09 0.09 0.09 0.99 0.96 0.95
Zr 91.22 0.04 1.01 0.04 0.04 0.14 0.04 0.96
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/Al
1.67 0.16 23.48 0.20 0.97 0.17 52.77 1.35
217
BD-28
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%p
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 60.06 1.00 1.25 75.08 59.98 -0.25
56.0
6 1.07 0.66 0.71
A1203 101.96 13.33 0.13 1.25 16.66 17.05 0.22
15.9
3 0.84 0.66 0.56
Fe203 159.69 5.65 0.04 1.25 7.06 6.87 0.11 6.42 0.88 0.66 0.58
CaO 56.08 3.71 0.07 1.25 4.64 3.66 -0.27 3.42 1.08 0.66 0.72
MgO 40.30 2.58 0.06 1.25 3.23 2.85 -0.09 2.66 0.97 0.66 0.64
Na20 61.98 1.94 0.03 1.25 2.43 1.64 -0.47 1.53 1.27 0.66 0.84
K 20 94.20 1.96 0.02 1.25 2.45 2.87 0.60 2.68 0.73 0.66 0.49
Cr20
3 151.99 0.01 0.00 1.25 0.02 0.01 -0.18 0.01 1.02 0.66 0.68
Ti02 79.88 0.71 0.01 1.25 0.89 0.89 0.17 0.83 0.86 0.66 0.57
MnO 70.94 0.10 0.00 1.25 0.13 0.11 -0.14 0.10 1.00 0.66 0.66
P205 141.94 0.15 0.00 1.25 0.19 0.16 -0.14 0.15 1.00 0.66 0.66
Sr 87.62 0.03 0.00 1.25 0.04 0.03 -0.39 0.03 1.18 0.66 0.78
Ba 137.33 0.07 0.00 1.25 0.09 0.09 0.38 0.09 0.79 0.66 0.52
Zr 91.22 0.03 1.25 0.03 0.04 0.94 0.04 0.66
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/Al
1.27 0.13 28.38 0.26 1.50 0.24 52.50 1.39
218
BD-29
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 59.63 0.99 1.21 72.15 59.98 -0.22
56.0
6 1.06 0.73 0.78
A1203 101.96 14.55 0.14 1.21 17.61 17.05 0.06
15.9
3 0.91 0.73 0.67
Fe203 159.69 5.84 0.04 1.21 7.07 6.87 0.07 6.42 0.91 0.73 0.66
CaO 56.08 3.75 0.07 1.21 4.54 3.66 -0.26 3.42 1.10 0.73 0.80
MgO 40.30 2.74 0.07 1.21 3.32 2.85 -0.17 2.66 1.03 0.73 0.75
Na20 61.98 1.77 0.03 1.21 2.14 1.64 -0.34 1.53 1.16 0.73 0.84
K 20 94.20 2.30 0.02 1.21 2.78 2.87 0.20 2.68 0.86 0.73 0.63
Cr20
3 151.99 0.01 0.00
1.21 0.02 0.01 -0.12 0.01 1.00 0.73 0.73
Ti02 79.88 0.74 0.01 1.21 0.90 0.89 0.11 0.83 0.89 0.73 0.65
MnO 70.94 0.10 0.00 1.21 0.12 0.11 -0.12 0.10 1.00 0.73 0.73
P205 141.94 0.16 0.00 1.21 0.19 0.16 -0.22 0.15 1.07 0.73 0.78
Sr 87.62 0.03 0.00 1.21 0.04 0.03 -0.18 0.03 1.04 0.73 0.76
Ba 137.33 0.08 0.00 1.21 0.09 0.09 0.10 0.09 0.89 0.73 0.65
Zr 91.22 0.03 1.21 0.03 0.04 0.66 0.04 0.73
Ba/Sr Al/Si Si/Fe+AI
K+N
a/AI Na/K
Na/
A1 CIA (Ca+K+Mg+N a)/Al
1.65 0.14 27.28 0.22 1.17 0.20 54.35 1.32
219
BD-30
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp CR
Si02 60.08 60.81 1.01 1.31 79.66 59.98 -0.31
56.0
6 1.08 1.07 1.16
A1203 101.96 12.90 0.13 1.31 16.90 17.05 0.25
15.9
3 0.81 0.61 0.49
Fe203 159.69 5.58 0.03 1.31 7.31 6.87 0.08 6.42 0.87 0.61 0.53
CaO 56.08 3.92 0.07 1.31 5.14 3.66 -0.38 3.42 1.15 0.61 0.70
MgO 40.30 2.89 0.07 1.31 3.79 2.85 -0.31 2.66 1.09 0.61 0.66
Na20 61.98 2.03 0.03 1.31 2.66 1.64 -0.54 1.53 1.33 0.61 0.81
K 20 94.20 1.67 0.02 1.31 2.19 2.87 1.10 2.68 0.62 0.61 0.38
Cr20
3 151.99 0.02 0.00 1.31
0.02 0.01 -0.45 0.01 1.22 0.61 0.75
Ti02 79.88 0.70 0.01 1.31 0.92 0.89 0.15 0.83 0.84 0.61 0.52
MnO 70.94 0.10 0.00 1.31 0.13 0.11 -0.18 0.10 1.00 0.61 0.61
P205 141.94 0.16 0.00 1.31 0.21 0.16 -0.28 0.15 1.07 0.61 0.65
Sr 87.62 0.03 0.00 1.31 0.04 0.03 -0.38 0.03 1.15 0.61 0.70
Ba 137.33 0.06 0.00 1.31 0.08 0.09 0.62 0.09 0.71 0.61 0.43
Zr 91.22 0.02 1.31 0.03 0.04 1.19 0.04 0.61
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
1.18 0.13 29.09 0.28 1.85 0.26 51.24 1.52
220
BD-31
Oxide MW Wt% wt %/ MW BD
Bdof
WM
BDo
fPIYl
Strai
n
Wt
%P
M
Mwt
%/M
pm%
Zrw/ 
Zrp CR
Si02 60.08 64.35 1.07 1.49 95.88 59.98 -0.45
56.0
6 1.15 0.45 0.52
A1203 101.96 10.37 0.10 1.49 15.45 17.05 0.69
15.9
3 0.65 0.45 0.29
Fe203 159.69 4.06 0.03 1.49 6.05 6.87 0.80 6.42 0.63 0.45 0.28
CaO 56.08 3.90 0.07 1.49 5.81 3.66 -0.45 3.42 1.14 0.45 0.51
MgO 40.30 2.16 0.05 1.49 3.22 2.85 0.09 2.66 0.81 0.45 0.37
Na20 61.98 2.18 0.04 1.49 3.25 1.64 -0.65 1.53 1.42 0.45 0.64
K 20 94.20 1.23 0.01 1.49 1.83 2.87 2.41 2.68 0.46 0.45 0.21
Cr20
3 151.99 0.01 0.00 1.49 0.02 0.01 -0.30 0.01 1.02 0.45 0.46
Ti02 79.88 0.51 0.01 1.49 0.76 0.89 0.90 0.83 0.61 0.45 0.28
MnO 70.94 0.08 0.00 1.49 0.12 0.11 0.12 0.10 0.80 0.45 0.36
P205 141.94 0.10 0.00 1.49 0.15 0.16 0.62 0.15 0.67 0.45 0.30
Sr 87.62 0.04 0.00 1.49 0.05 0.03 -0.54 0.03 1.25 0.45 0.56
Ba 137.33 0.05 0.00 1.49 0.08 0.09 1.07 0.09 0.59 0.45 0.27
Zr 91.22 0.02 1.49 0.03 0.04 2.54 0.04 0.45
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
Al CIA (Ca+K+Mg+Na)/Al
0.90 0.09 42.23 0.36 2.69 0.35 46.34 1.68
221
BD-32
Oxide MW Wt% wt%/MW BD
Bdof
WM
BDo
fPM
Strai
n
%P
M
Mwt
%/M
pm%
Zrw / 
Zrp
CR
=G*
H
Si02 60.08 59.89 1.00 1.39 83.25 59.98 -0.33
56.0
6 1.07 0.64 0.68
A1203 101.96 11.82 0.12 1.39 16.43 17.05 0.40
15.9
3 0.74 0.64 0.47
Fe203 159.69 5.49 0.03 1.39 7.63 6.87 0.05 6.42 0.86 0.64 0.54
CaO 56.08 4.86 0.09 1.39 6.76 3.66 -0.62 3.42 1.42 0.64 0.90
MgO 40.30 2.90 0.07 1.39 4.03 2.85 -0.35 2.66 1.09 0.64 0.69
N a20 61.98 2.02 0.03 1.39 2.81 1.64 -0.56 1.53 1.32 0.64 0.84
K 20 94.20 1.41 0.01 1.39 1.96 2.87 1.78 2.68 0.53 0.64 0.33
C r20
3 151.99 0.02 0.00
1.39 0.03 0.01 -0.64 0.01 1.46 0.64 0.93
Ti02 79.88 0.71 0.01 1.39 0.99 0.89 0.05 0.83 0.86 0.64 0.54
MnO 70.94 0.10 0.00 1.39 0.14 0.11 -0.23 0.10 1.00 0.64 0.64
P205 141.94 0.15 0.00 1.39 0.21 0.16 -0.23 0.15 1.00 0.64 0.64
Sr 87.62 0.04 0.00 1.39 0.05 0.03 -0.48 0.03 1.22 0.64 0.77
Ba 137.33 0.06 0.00 1.39 0.08 0.09 0.72 0.09 0.67 0.64 0.43
Zr 91.22 0.03 1.39 0.03 0.04 0.90 0.04 0.64
Ba/Sr Al/Si Si/Fe+A1
K+N
a/Al Na/K
Na/
A1 CIA (Ca+K+Mg+Na)/Al
1.05 0.12 29.11 0.30 2.18 0.28 46.34 1.78
